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SUBJECT;  AEBOLOGY  -  EUROPEMI  AERONAUTICAL  WEATHER  SERVICE, 

Report  of  Survey »  (Norwegian) 

lo  The  Norwegian  meteorological  institutes  are  recognized  for 
their  methods  of  analysis  based  on  air  masses  and  frontSo  Their 
fundamentals  have  been  known  for  many  years »  Recently,  new  studies 
by  the -Bergen  and  Oslo  institutes  have  led  to  important  changes  in 
methods,  and  improved  results »  Analysis  technique  differs  from  that 
formerly  usedo  In  most  cases  the  dlffereric-es  have  forecasting 
significance o  To  ntxat  extent  is  best  seen  by  comparison  of  recent 
maps  with  those  drawn  by.  earlier  methodSo  Examples  have  been  pre¬ 
pared  by  the  Aerology  Section,  Bureau  of  Aeronautics,  to- bring  out 
the  chief  differenceso  These  are  attached  to  the  U.So  maps  which 
are  a  part  of  this  report.  The  maps  were  analyzed  during  the  Bergen 
Oslo  survey o 

2.  Because  of  their  naval  interest,  the  methods  of  the,;  Bergen - 
Oslo  school  v/ere  studied  in  details  This  interest  has ,  at  least 
two  aspects o  First,  the  methods  represent  the  most  promising  sys¬ 
tem  for  obtaining  advance  information  of  those  weather  elements 
which  have  importance  in  strategy  and  tactics  ®  for  instance,  visi¬ 
bility,  cloud  ceiling,  fog,  and  winds  as  related  to  scouting,  gun¬ 
fire,  spotting,  aircraft .and .submarine  operations »  They  thus  make 
it  possible  for  forecasts  to  go  breyond  gale  and  storm  warnings  and 
give  information  of  these  special  elements  which  are  iiiq)ortant  for 
modern  fleets o  Second,  these  special  methods  represent  advance 

in  forecasting  based  on  few  reports  at  eea,  or  in  extreme  eases  on 
only  one  reporto  This  is  the  situation  during  radio  silence  when 
forecasts  are  of  most  value  in  the  plans  of  the  fleet;  It  is  not 
implied  that  at  the  present  stage  it  is  possible  to  forecast  weather 
satisfactorily  from  one  or  two  reports  onls^’o  The  latest  .methods  of 
analysis  do,  however,  improve  the  forecasts  made  under  such  circum¬ 
stances  and  appear  to  offer  a  logical  basis  for  further  development 
of  such  forecasts.  '  '  . 

3.  The  Bergen-Oslo  methods  are  based  on  studies  to  explain  feat¬ 
ures  in  the  behavior  of  cyclones  and.  anticyclones  previously  left 
unexplained  in  analysis.  The  results  have  been  due  in  part  ^o  the 
dense  reporting  network  end  the  frequent  maps  available  in  the 
European  services.  These- proyided  an  approximation  to  space  and  time 
differentials  by  which  weathbr  processes  could  be  .closely  follov/ed. 
Such  studies  have  been  difficult  or  impossible  with  the  less  numer¬ 
ous  and  less  frequent  reports  available  in  America.  However,  with 
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the  principles  derived  from  the  detailed  studies  in  Europe,  the 
methods  can  be  applied  in  analysis  of  reports  and  weather  maps 
here.  The  U.  S.  maps  for  February  3  to  5,  1931  illustrate.  With 
the  principles  available  here  at  that  time,  a  forecaster  expected 
the  cold  front  of  the  G-ulf  storm  to  pass  eastward  into  the  Atlantic 
followed  by  good  flying  off  the  coast  a  few  hours  after  clear¬ 
ing  had  set  in  over  the  southeastern  states.  Gulf  Stream  in¬ 
fluences  excepted.  The  Bergen  analysis  however  showed  that 
development  of  a  loop  occlusion  was  to  be  expected  followed  by 
renewal  of  line  squall  conditions  along  the  Carolina  coasts. 

That  the  analysis  and  its  forecast  of  cloud  ceiling,  thunder¬ 
storms  and  wind  were  correct  is  verified  by  observations  aboard 
the  U.S.S.  Los  Angeles  enroute  southward  over  those  waters  at 
that  time. 

4.  For  purposes  of  this  report,  methods  of  the  Bergen-Oslo 
institute  were  surveyed  as  follows.  (1)  One  hundred  twenty 
American  weather  situations  were  analyzed  in  discussion  with 
Prof.  Bjerknes,  Drs.  Bergeron  and  Petterssen.  (2)  Daily  analysis 
of  the  six  hourly  European  maps  were  studied  during  the  entire 
period  of  survey,  the  methods,  discussions,  forecast  conferences 
and  occasional  lectures  noted.  The  daily  1400  chart  was  analyzed 
and  compared  with  the  official  analysis.  (3)  Studies  were  made 

of  unpublished  papers  and  research  in  progress.  Principal  features 
of  these  are  embodied  in  the  report.  The  references  and  enclosures 
show  the  important  published  papers.  The  Bergen-Oslo  methods  of 
analysis  are  reported  in  detail  in  paragraphs  11  to  140. 

5.  In  connection  with  the  survey,  considerable  information 
was  obtained  about  the  organization,  administration,  personnel, 
equipment,  etc.  of  the  meteorological  and  aerological  services. 

The  subjects  which  appear  to  be  of  sufficient  interest  to  report 
are  given  briefly  in  paragraphs  6  to  6. 

6.  The  Norwegian  service  is  administered  through  three  fore¬ 
cast  centers,  Oslo,  Bergen  and  Tromsoe,  all  loosely  centralized 
under  Oslo.  There  are  fifty  five  forecast  districts,  thus  permitting 
fine  local  distinctions  in  forecasts.  The  density  of  the  reporting 
network  approximates  that  of  the  regular  W.  B.  reporting  stations 

in  our  Middle  Atlantic  States.  Reports  are  collected  four  to  six 
times  daily  by  telephone,  telegraph  and  radio,  the  national  system 
fitting  into  the  European  International  Weather  broadcast  system 
as  described  in  reports  of  International  radio  and  meteorological 
commissions.  The  code  provides  for  much  detail  in  reporting  ob¬ 
servations.  The  detailed  observations  are  important  in  analysis 
and  adoption  of  a  similar  code  or  its  equivalent  for  reports 
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within  the  Fleet  probably  is  a  necessary  step  to  full  utilization 
of  the  methods  reported  herein. 

7.  Aerological  equipment  and  methods  need  no  detailed  descrip¬ 
tion.  Points  of  interest  are:  The  meteorograph  used  is  the  Jaum- 
otte  type  (Brussels,  Bergium,  mfgr.)  which  provides  a  streamlined 
chamber  strapped  to  an  airplane  strut  midway  between  the  wings. 

The  airflow  through  the  chamber  is  regulated  to  avoid  vibration 
and  interference  with  accurate  registration.  The  meteorograph 
proper  is  suspended  within  the  chamber.  It  is  designed  with  spec¬ 
ial  attention  to  balancing  and  compensation  against  vibration, 
back  lash,  etc.  The  meteorograph  pens  are  fitted  for  marking  the 
record  at  significant  places  in  flight,  such  as  bases  of  clouds, 
the  marking  device  being  operated  electrically  from  the  cockpit. 
Smoked  charts  are  used  with  base  line  pen  to  furnish  the  refer¬ 
ence  line.  Calibration  methods  are  thorough  but  not  unusual.  A 
celluloid  scale,  prepared  for  each  instrument  serves  as  a  quick 
means  for  obtaining  desired  values  from  the  chart  without  drawing 
time  arcs  on  the  chart.  The  Jaumotte  instrument  is  one  of  the 
best  designed  meteorographs  on  the  market,  and  the  features  just 
referred  to  could  advantageously  be  adopted  to  our  needs.  The 
theodolite  in  common  use  is  a  Fuess  (Berlin  mfgr.)  recording 
theodolite  using  circular  chart  and  marking  needle  actuated  by 
push  rod  and  elevation  angle  mechanism.  It  permits  greater  accuracy 
when  only  one  observer  is  available  for  pilot  balloon  ascents, 
but  is  not  recommended  for  service  purposes.  A  pilot  balloon 
slide  rule  incorporating  rate  of  ascent  as  well  as  linear  and 
cotangent  scales  eliminates  the  separate  computation  of  altitude 
but  is  too  long  for  convenience  in  shipboard  use.  A  four  cup 
portable  anemometer  (Wihelm  Morell,  Leipzig,  mfgr.)  operating 
on  the  speedometer  principle  gives  direct  readings  of  velocity 
and  is  used  for  calibration  of  field  station  anemometers  in 
Norway.  This  type  is  superior  in  accuracy  and  convenience  to 
the  fan  type  integrating  instrument  used  here  with  stop  watch 
to  obtain  wind  velocities  on  C  V  deck.  No  outstanding  features 
were  observed  in  other  items  of  equipment. 

8.  Computation  of  aerological  data  is  performed  by  combined 
use  of  the  adi'abatic  chart  and  the  Bjerknes  Tables  No.  9-M.  The 
procedure  is  analogous  to  although  not  identical  with  that 

in  use  in  the  Navy.  Thermodynamic  characteristics  of  the  air 
mass  are  examined  by  plotting  the  data  on  the  Emagram,  a  form 
of  energy  diagram.  Refsdal  has  developed  still  another  diagram 
(Geogram)  which  permits  estimation  of  energy  from  an  area  on 
the  diagram  in  form  more  easily  obtained  with  usual  aerological 
data  than  on  the  tephigram.  The  method  is  still  experimental 
and  is  not  published.  A  description  and  the  underlying  equations 
are  available  in  the  survey  notes.  An  improved  cloud  atlas  has 
been  distributed.  Its  use  promotes  uniformity  in  cloud  reports, 
important  in  analysis.  See  "Inter national  Cloud  Atlas". 
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9o  and  10.  Omitted* 

llo  ANALYSIS*  The  object  of  analysis  is  to  ascertain  the 
characteristics  and  physical  inter-relations  of  each  different  air 
mass  on  the  v/eather  map  and  to  determine  the  location  and  structure 
of  each  important  front.  With  these  facts  known,  there  is  a  rational 
basis  for  the  weather  forecast*  The  analysis  deals  with  air  mass 
and  fronts  more  or  less  simultaneously,,  sometimes  one,  sometimes 
the  other  beinc  foremost.,  Relative  importance  depends  upon  the 
given  weather  distribution,  region,  etc*  For  clarity,  the  two  are 
described  separately* 

12*  REPRESENTATIVE  REPORTS*  It  is  essential  that  analysis  be 
based  upon  data  which  are  representative  of  true  air  conditions* 
Otherwise  incorrect  conclusions  .and  poor  analysis  are  unavoidable* 

In  practice,  surface  weather  reports  cannot  be  wholly  representative. 
Expert  interpretation  corrects  the  discrepancies <>  Knowledge  of 
topography,  or  type  of  instruments,  oharacter. of  instrument  exposure 
on  each  ship  or  station  and  even  the  qualifications  of  the  observer 
ere  in  some  cases  indispensable  for  this  purpose*  iPor  example? 
the  wind  reports  from  valley  stations  are  misleading,  the  tempera¬ 
tures  reported  by  ships  on  sunny  days  are  often  too  high*  With 
these  influences  in  mind,  the  forecaster  can  apply,  probable  coirec- 
tions  in  some  cases,  or  can  disregard  reports  which  ai*e  not  representa 
tive*  "Stations”  most  likely  to  get  observations  representative  of 
general  air  conditions  are  those  situated  on  small  flat  Islands, 
or  on  mountain  tops,  or  ships*  Observations  from  these.. are  less 
likely  to  be  influenced  by  local  surface  phenomena  which  mask  the 
true  conditions  of  the  overlying  general  air  s^ss^  Moreover, 
observations  are  more  representative  in  certain  portions  of  cyclones 
and  anticyclones  than  in  other  portions.  Exposures  and  other  local 
effects  being  the  same,  reports  are  most  representative  when  wind 
is  strong  enough  to  prevent  large  temperature  inversions  on  the 
ground,  and  sky  is  overcast  thus  reducing  loss  of  heat  by  radiation, 
gain  by  insolation,  etc.  Contrary  to  the  impression  in  Germany, 
etCo,  the  Norwegian  sbhool  does  not  suppose  that  surface  reports 
can  always  be  representative  of  overlying  air  layers*  The  claim 
is  simply  that  the  important  air  masses  can  be  identified  in  nearly 
all  cases  by  proper  interpretation  of  surface  reports  from  suitably 
exposed  stations,  especially  if  supplemented  by  the  aerological 
observations  now  available*  . 

13.  BASIC  IDEAS.  Certain  principles  are  so  fundamdntal  in 
present  methods  of  front  analysis  that  they  are  summarized  here. 

With  reference  to  precipitation  forms  -  drizzle,  rain,  and  shov/ers 
are  carefully  distinguished  from  one  another*  Each  of  these  re¬ 
quires  a  different  and  distinct  type  of  atmospheric  structure. 
Similarly,  forms  of  snow,  sleet,  hail,  etc*,  are  distinguished. 

The  observer  recognizes  drizzle  by  its  very  small  and  relatively 
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numerous  droplets;  rain  (including  Yery  light  rain)  by  its 
steady  fall  and  its  larger  and  decidedly  less  numerous  drops; 
and  a  shower  by  its  relatively  large  drops  and  brief  duration. 

The  forecaster,  with  these  forms  expressed  in  symbols  on  the  map, 
identifies  by  the  drizzle  report,  a  warm,  moist  air  mass  with 
stable  lower  layers.  By  the  rain  report,  he  recognizes  an  alto- 
stratus  system  and  a  warm  front  surface,  and  by  the  shower 
report,  an  unstable  air  mass  indicative  of  a  cold  front  or  polar 
air.  These  cases  are  illustrative.  With  reference  to  clouds  - 
alto-stratus  are  carefully  distinguished  from  strato-cumulus . 

The  former  indicates  a  warm  front  surface,  the  latter,  a  cold 
air  mass.  Alto-stratus,  alto-cumulus  and  strato-cumulus  are 
frequently  confused  by  observers.  Nimbus  and  stratus,  commonly 
found  near  the  inner  edge  of  a  warm  front  rain  system,  are  care¬ 
fully  distinguished  from  cumuli-nimbus ,  a  cold  front  cloud  form. 
Nimbus,  so  named  because  it  was  originally  thought  to  be  the 
source  of  rain,  is  structurally  similar  to  stratus  and  is  so 
classed  by  the  Norwegian  school.  This  confusion  has  led  to  pro¬ 
posals  to  change  the  name  of  alto-stratus  to  nlmbo-stratus  and 
abolish  the  separate  name,  nimbus.  (Recognizing  alto-stratus 
as  the  real  source  of  "nimbus"  rain).  Lenticular  alto-cumulus 
is  distinguished  from  turreted  alto-c'umulus  because  of  their 
different  indications  as  to  stability  of  air  masses.  The  use 
of  these  structural  characteristics  to  identify  the  air  mass 
formation  constitutes  indirect  aerology.  It  is  indispensable  in 
present  Norwegian  methods  of  interpretation  and  analysis.  It 
is  also  directly  applicable  to  special  forecasting  problems  of 
the  Fleet.  The  European  International  Code  provides  code  groups 
by  which  many  of  the  above  characteristics  can  be  distinguished 
in  reports.  Lacking  code  provisions,  the  forecaster  can  in  many 
cases  deduce  the  actual  observation  from  attending  circumstances. 
For  example,  reports  of  nimbus  or  cumulo-nimbus  with  irregular 
but  heavy  amounts  of  rain  usually  show  true  shower  clouds,  not 
"nimbus";  a  report  of  mist  with  other  warm  sector  evidence 
usually  means  that  the  mist  is  drizzle. 

14.  With  reference  to  isobars  -  the  pressure  field  is  dravwi 
to  interpret  the  observed  facts.  This  is  often  significant  in 
forecasting.  The  field,  allowing  for  logical  time  changes, 
must  fit  the  observed  tendencies  and  barograph  traces.  The 
proof  of  the  map  lies  in  these  traces.  Later  cases  illustrate. 

With  reference  to  fronts  -  they  are  drawn  to  simplify  and  explain 
the  weather  on  the  map.  A  front  must  be  an  effective  discontinuity. 
A  continuous  change  even  though  rapid  is  not  called  a  front.  For 
example,  a  large  temperature  difference  between  stations  indicates 
a  front  only  if  it  is  due  to  a  discontinuous  change  representing 
a  boundary  between  different  air  masses.  Complex  situations  with 
numerous  fronts  are  regarded  as  occasional,  not  frequent  occur¬ 
rences. 
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15  a  A  single  T/eat'ner  nap  is  used  for  all  surface  datao 
Reports  are  entered  in  pictorial  symbols  as  far  os  possible. 
Position  of  entry  is  significant.  Symbols  and  their  arrange- 
ment  are  illustrated  in  the  maps  attached  hereto.  They  are 
based  on  the  International  symbols.  Auxiliary  charts  are 
used  only  for  serological  data  when  too  detailed  for  entry  on  the 
principal  chart.  Entry  of  clouds,  pressure,  tendencies,  etc., 
all  on  the  same  chart  is  regarded  by  the  Bergen  school  as  neces¬ 
sary  to  rapid  analysis  of  related  elements.  Topography .  a 
major  factor  in  all  anal^^is  and  forecasting  for  mountainous 
and  costal  areas,  is  shown  plainly  on  the  map.  Its  basic 
importance  is  discussed  with  illustrations  in  later  paragraphs. 

16.  AIR  Ivlf^BSES.  The  identification  of  air  masses  depends 
largely  on  indirect  aerology.  At  present  little  use  is  made 
of  specific  humidity,  potential  and  equivalent  temperature  and 
their  related  seni“Conserv8tive  properties.  IIo  great  emphasis 
is  placed  on  formal  classification  of  air  masses.  (Several  classi¬ 
fications  have  been  proposed  in  Europe  and  America) .  For  con¬ 
venience,  names  are  given  to  commonly  found  air  masses  from  cer¬ 
tain  sources.  But  their  characteristics  and  limits  are  relative 
only.  The  basic  distinction  divides  them  into  the  two  old  classes  - 
cold  air  masses  (KlO  and  warm  air  masses  (Vdvl)  .  The  most  used 
subdivisions  are  Artie  Air  (iJ.)  and  Polar  Air  (PL) .  Tropical 
Air  (TL)  and  Equatorial  Air  (EL) .  Further  subdivisions  such  as 
maritime  polar  air,  or  continental  tropical  air  are  used  when 
necessary  to  emphasize  a  characteristic  of  importance  in  the  cur¬ 
rent  weather  processes.  In  the  order  listed  above  (AL,  PL,  TL 
and  EL) ,  each  air  mass  usually  behaves  as  a  warm  mass  to  those 
listed  in  order  before  it,  and  as  a  cold  mass  to  those  listed 
after  it,  Arctic  Air,  always  a  Kl",  is  rarely  found  in  low 
latitudes.  Equatorial  Air,  always  a  V;ll,  is  rarely  found  in  high 
latitudes.  The  characteristics  which  are  commonly  used  in  air 
mass  identification  (Bergen  school)  are  given  in  following  para¬ 
graphs  . 


17.  COLD  AIR  LIASS.  Lov/  temperature,  low  humidity  and  high 
pressure  as  indications  of  a  cold  air  mass  carry  less  weight  than 
formerly,  A  surface  inversion  may  give  low  temperatures  in  a 
warm  mass,  Bubsidence  nay  heat  portions  of  a  cold  air  mass 
without  destroying  other  cold  mass  characteristics.  Lore  weight 
is  giver:  to  cloud  and  precipitation  forms,  visibility, 
the  periodical  (mostly  diurnal)  changes  in  the  weather  element#. 
The  clouds  within  the  front  portion  of  a  cold  mass,  especially 
over  oceans,  are  detached  cumulus  and  the  precipitation  is  in 
form  of  showers  thereby  indicating  relatively  steep  lapse  rate. 

A  snov;  covered  continer.t  in  winter  may  soon  cause  disappearance 
of  these  cold  mass  instability  indications.  The  diurnal  period 


6 


shown  by  cold  mass  clouds  ani  showers  is  indicative.  Over  land, 
surface  heating  tends  to  giv®  a  raa7vimuin  of  cunulus  clouds  and 
showers  in  daytime  (afternoon) ,  but  at  night,  surface  radiation 
increases  stability  and  reduces  shower  clouds  to  a  minimum.  Over 
sea ,  the  diurnal  period  is  reversed.  There,  cold  mass  clouds 
and  showers  show  a  rrjaximum  at  night  owing  to  slight  steepening 
in  lapse  rate  from  the  relatively  greater  cooling  at  the  one 
or  two  kilometer  level.  Orographic  influences  have  an  important 
influence.  On  v/indward  slopes  the  showers  in  a  LK  may  merge  and 
give  the  appearance  of  warm^  front  rain.  In  such  cases,  if  any 
report  show/s  breaks  in  the  cloud  cover  on  v/indv/ard  slopes,  it  is 
an  indication  that  the  weather  is  of  the  cold  mass  show'or  type. 

On  lee  slopes,  the  foehn  may  completely  dissolve  the  clouds  and 
showers.  Subsidence  in  the  free  air  tends  Lo  dissolve  clouds  also. 

18.  V/idesprcad  fog  is  rare  in  a  true  cold  mass.  In  a  transi¬ 
tional  colei  mass,  radiation  fog  m.ay  be  reported  locally  in  a  morn¬ 
ing  observation  over  land,  but  this  type  can  usually  be  dis¬ 
tinguished  from  air  mass  fog  which  is  indicative  of  warm  air. 
Visibility  is  used  to  identify  air  masses  through  the  following 
characteristics.  The  absolute  transparency  of  the  air  is  some 
indication.  Arctic  Air,  since  its  humidity  is  low  and  it  originates 
in  a  region  free  from  dust,  is  very  transparent.  In  Korway , 
visibilities  in  excess  of  a  certain  value  are  accepted  as  evidence 
of  Arctic  Air.  To  some  extent  also,  certain  other  values  of  visi¬ 
bility  distinguish  Polar  from  Tropical  Air.  Over  regioiiS  which 

are  populous  or  flat,  absolute  transparency  of  the  air  is  less 
useful  because  representative  observations  are  difficult  to 
obtain.  Here  diurnal  changes  are  more  indicative.  Her  example, 
over  land  cold  m^asses  as  well  as  warm  masses  often  have  a  layer 
of  ground  haze  several  huiidred  feet  deep  in  the  early  morning. 

But  in  the  afternoon  a  cold  m.ass  shows  improved  visibility  in  the 
lower  layers  and  decreased  visibility  in  upper  layers,  while  a 
warm  mass  shows  little  ir.provement  in  lower  layers  and  relatively 
good  visibility  above  unless  it  has  the  opalescence  described 
later.  These  distinctions  hold  true  for  air  masses  over  populous 
regions  vjhich  have  local  sources  of  nuclei!  providing  these 
sources  are  not  too  abundant  and  irregular.  Heports  from  airplane 
observations  or  mountain  stations  are  used  to  recognize  the  above 
diurnal  changes. 

19.  Temperatures  are  used  in  special  ways  to  identify  cold 
masses.  A  small  diurnal  range  w'hen  skies  are  clear  indicates  a 
deep  cold  m.ass.  Several  cays  sunshine  are  necessary  to  warm  such 
a  mass  so  that  surface  temperatures  can  rise  decidedly.  Gold  mas¬ 
ses,  especially  Arctic  Air,  shcv/  greater  latitudinal  temperature 
gradient  than  warm  masses.  Over  oceans,  an  air  temperature 
lower  than  water  temperature  is  indicative  of  cold  air  mass. 
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A  diff eren?-©  of  2  or  3  degrees  F.  is  sufficient  if  the  reports 
are  repr©.4^*1fetiTe  of  gggi^gral  temperatures  of  air  and  v/ater. 

Over  lan^y  rspid  absorptlsn  and  radiation  from  the  surface  pre¬ 
vents  use  of  this  principle.  For  the  sane  reason,  a  general 
temperature  fell  over  land  is  used  with  caution  for  cold  mass 
identification.  In  Norway,  an  Arctic  Air  mass  is  identified 
witfe  certainty  if  temperatures  and  humidities  fall  belov/  cert¬ 
ain  limiting  values  when  winds  are  fresh  or  stronger.  (Vapor  pres¬ 
sure  0.2  mm.  or  less).  The  rule  specifies  that  any  mass  with 
values  bsJLow  these  limits  can  onlp  be  Arctic  Air,  but  not  neces¬ 
sarily  aall  Arctic  Air  has  values  below  the  limits. 

20.  AIR  llASS.  The  cloud  and  precipitation  forms  which 
identify  warm  air  masses  are  very  low  stratus,  fog  and  drizzle 
i.e.  '*rni£t'’  -  numerous  small  droplets  falling  slowly.  These 
forms  result  from  stability  and  high  humidity  in  the  lower  layers 
of  a  warmi  mass.  In  the  marine  climate  of  iiurthw^estern  Furope 
they  are  of  frequent  occurrence  w'ith  warm  masses.  Similar  re¬ 
lations  probably  apply  to  cur  Forth  Pacific  Coast.  In  a  continen¬ 
tal  climate,  warm  mass  drizzle  occurs,  but  less  frequci.tly.  Often 
the  warm  mass  is  clear  except  for  the  cumulus  and  curiulo -nimbus 
follov/ing  intense  insolation  in  low-er  latitudes.  Fog  and  lov/ 
stratus  reports  are  not  unmistakable  evidence  of  a  warm  air  mass. 
These  cloud  forms  result  also  from  expansional  cooling  as  air 
approaches  a  deep  cyclone  center,  and  from  conditions  just  preced¬ 
ing  a  warm  front;  orographical  influences,  etc.  In  general, 
advection  fog  forms  in  any  warm  moist  current  wliich  is  sufficiently 
cooled  in  the  longer  layers  by  passage  over  water.  Several  succes¬ 
sive  days  of  sea  breeze  may  satisfy  the  requirements,  detailed 
discussion  of  fog  processes  as  developed  by  the  Forw'egian  School 
has  been  published  (FV/R  supplement  -  Il.C.VF).  Observations  have 
showTi  that  there  maj"  be  sufficient  subsidence  in  a  sea  breeze  to 
cause  clearing  of  fog  on  the  coast  in  daytime,  a  fact  to  be  re¬ 
called  in  interpreting  reports. 

21.  lor  Tropical  Air,  a  distinctive  featui'e  in  Northern 
Europe  is  the  loweriiig  of  visibility  due  to  opalescent  turgidity 
(Bergeron) .  ^his  is  described  because  ®f  its  probable  value  for 
weather  analysis  and  forecastiug  at  sea.  The  opalescence  refer¬ 
red  to  is  not  the  bluish  haze  coirmon  over  mountainous  regions, 
and  not  the  ground  haze  of  surface  inversions.  It  is  a  condition 
resulting  from  the  very  fine  nuclei i  found  in  tropical  air  over 
Forthern  Europe.  It  extends  to  high  altitudes  in  contrast  to 
coirmon  surface  haze  and  is  so  uniform  that  it  is  easily  overlooked. 
On  close  observation  it  is  noticeable  as  a  slight  whitening 

of  the  sky  when  cloudless.  It  is  best  recognized  by  land  marks 
such  as  mountains  distant  20  or  30  miles  which  ai-e  usually  visible 
but  w'hich  are  made  iridistinct  or  v/holly  inuisible  by  the  opalescent 
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condition.  n%eth@r  this  io  tnue  and  charac ts^istic  of  all  tropical 
air  renains  to  be  studied,  wbil®  it  is  nell  known  that  transparency 
of  v/arm  air  nasses  is  nornally  l®ss  than  that  of  cold  air,  it  is 
obvious  that  reports  of  lov;  visibility  due  principally  to  in¬ 
version  haze,  light  fog,  etCo,  cannot  be  used  in  above  special 
sense  to  identify  Tropical  Air. 

£2.  Over  oceans,  an  air  temperature  higher  than  water  temxpera- 
ture  is  indicative  of  v/arr.:  air  m.ass  if  the  differenco  is  relative¬ 
ly  large.  Over  land,  a  large  diurnal  range  on  clear  days  is 
usually  found  in  a  warm,  miass.  It  is  also  characteristic  that  the 
north-south  tempera tui-e  gradient  in  Tropical  Air  is  smaller 
and  more  uniforrn  than  in  Polar  Aim  The  air  is  g^lable.  Isobars 
are  therefore  relatively,'  straight  and  uniform  and  winds  rather 
constant  in  'iIj’jpctMn  and  velocity.  V/ith  Tropf.ral,  as  with 
Arctic  Air,  cej^tain  limiting  values  may  bo  use^d.  Values  of  tem¬ 
perature  may  determined  for  season  acid  region  which  marl: 

the  usual  limits  for  air  masses  gther  than  Tropical.  \,'hen 
reports  shov.'  temperatures  t^xceedlng  th^si  limits,  they  indicate 
Tropical  Air.  There  are  tifr.es  also  when  observed  temperatures 
in  a  Tropical  Air  m.ass  if)verc.ast  sk^  -gre  used  as  a  conser¬ 

vative  el-cment  by  v/hich  to  trace  the  mass  from  map  to  map.  The 
characteristic  is  established  for  each  case  and  is  valid  only 
for  a  cay  or  two.  Similar  use  of  temperature,  humidity,  etc., 
for  other  air  masses  is  in  most  cases  less  successful. 

23.  Aerological  data  are  used  to  supplement  the  foregoing 
methods  of  determining  air  mass  characteristics.  Various  func¬ 
tions  of  temperature,  humidity  and  pressure  are  employed.  Brief 
description  of  these  is  contained  elsew'here  in  the  report.  In 
this  respect  the  Germian  icethods  as  described  in  the  notes  for 
Tenplehof  ai'e  further  advanced  because  of  the  more  numerous 
aerological  stations  in  Europe. 

24  to  30,  0m4tted. 
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31.  IDENTIFICATION  OF  FRONTS;  Changes  In  weather  occur 

principally  along  fronts,  the  boundaries  between  air  masses. 

The  chief  object  of  the  analysis  is  location  of  the  fronts  and 
determination  of  their  structure.  For  this  purpose  the  examina¬ 
tion  of  weather  elements  on  the  map  differs  somewhat  from  that 
used  in  air  mass  identification  (paragraphs  16  to  23).  The  ele¬ 
ments  are  rarely  unanimous  in  their  indications  of  fronts.  Winds 
may  point  to  one  location,  temperatures  to  another.  Decision  is 
made  by  '^letting  the  elements  vote",  giving  to  each  its  appropriate 
relative  weight.  Since  the  relative  weights  vary  with  circum¬ 
stances,  no  fixed  rules  are  Mde.  The  approximate  order  of  import¬ 
ance  of  various  elements  is  given  in  the  sequanoe  used  below. 

Hero  again  selection  of  representative  reports  is  paramount. 
Orographical  and  other  influences,  often  overlooked,  enter  into 
interpretation  of  reports  of  wind,  temperature,  pressure,  clouds 
and  precipitation. 

32.  WARM  FRONTS:  In  practice  the  sharpest  front  is  usually 
studied  first.  Whether  this  is  done  before  or  after  sketching  the 
isobars  depends  upon  the  complexity  of  the  map.  In  simple  cases 
the  fronts  are  sketched  first  and  the  isobeurs  fitted  to  Hie  fronts 
at  once.  In  complex  oases  the  pressure  field  is  studied  first 

by  tentatively  sketching  the  isobars  and  readjusting  them  to  the 
fronts  later.  At  the  start  the  forecaster  does  not  know  whether 
the  front  he  is  examining  is  warm,  cold  or  occluded.  With  all 
fronts,  the  most  important  general  principle  is  that  the  front  must 
show  historical  sequence.  It  must  be  a  logical  development  from 
preceding  maps.  While  this  is  an  old  principle,  its  importance 
is  greatly  increased  in  present  methods.  Only  when  evidence  is 
very  positive  is  a  front  placed  where  none  could  be  expected  from 
previous  maps.  Frontogenesis,  a  slow  process,  seldom  occurs  in 
the  air  masses  remaining  in  view  from  map  to  map.  It  requires  a 
particular  wind  field  {a  "neutral  zone").  Almost  invariably,  ap¬ 
parent  exceptions  to  this  principle  are  traceable  to  faulty  analy¬ 
sis.  Frontolysis  is  also  a  slow  process.  Disappearance  of  a  sharp 
front  unless  it  has  unquestionably  passed  beyond  the  map  boundaries 
is  viewed  with  suspicion.  Usually  it  either  lies  hidden  between 
reporting  stations,  or  was  fictitious  on  the  preceding  map.  As 
expressed  by  Bergeron,  historical  sequence  requires  that  every 
structure  on  the  map  "must  be  logical  -  Kinematically,  dynamically 
and  thermodynamically"  for  space  relations  and  for  time  relations. 
Assumed  structures  which  appear  improbable  are  usually  erroneous, 
not  simply  "unexplainable." 
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53.  With  this  first  requirGrn.ent ,  historical  sequence,  sat¬ 
isfied,  the  next  important  evidence  of  a  front  is  a  system  of 
clouds  and  precipitation.  For  v;arm  front  identification,  the  alto- 
stratus  cloud  system  is  typical.  According  to  the  Bergen  school, 
a  great  expanse  of  unbroken  upper  cloud  sheet  (cirro-stratus  and 
alto-stratus)  is  formed  by  slou  "upglide"  motion  of  a  warm  air 
mass  over  a  slightly  inclined  surface,  that  is,  a  werra  front  sur¬ 
face  (or  some  form  of  occluded  Y/arm  front  surface)  .  Having  dis¬ 
covered  an  alto-stratus  system  and  its  accompanying  precipitation, 
the  front  is  usually/  found  near  the  "inner*’  edge  of  the  rein  and 
"riinbo-stratus . "  Upper  fronts  v/ith  no  surface  discontinuity  are 
considered  later,  inexact  reports  of  uarm  sector  drizzle  sOsatimes 
hide  location.  An  unmistakeable  alto-stratus  system  even  ^vithout 
rain  indicates  a  front  and  altho  v/eak  at  the  time,  it  may  be  re¬ 
inforced  and  is  therefore  important  in  analysis o  llie  positioa  Of 
a  masked  front  is  sometimes  found  from  cloud  altitude  (A£t) 
by  applying  the  average  slope  of  a  v/arm  front  surface.  {Distan^j® 
from  reporting  station  equals  cloud  height  times  cotangent  of 
slope  angle)  . 

34.  With  marine  climates  and  in  high  latitude,  a  tiue 
alto-stratus  sheet  usually  gives  a  large  overcast  area,  -  an 
expanse  of  unbroken  clouds.  This  feature  is  a  deciding  point 
in  identification.  It  is  of  such  importance  (other  reasons  also) 
that  the  European  cloud  code  distinguishes  betv;een  ten  tenths 
cloud  amount  and  amounts  of  more  than  nine  tenths  but  less  than 
overcast.  A  report  showing  less  than  ovei-cast  is  evidence 
against  simple  v/arm  front  structure.  This  distinction  may  be 
less  significant  for  continental  climates  and  in  lower  latitudes 
where  the  dense  unbroken  sheet  of  alto-stratus  accompanying  a 
warm  front  possibly  is  less  extensive.  The  principle  is  important 
however.  V/hen  considering  cloud  reports,  it  is  necessary  always 
to  judge  whether  the  observer  has  reported  correctly  or  has 
confused  alto-stratus,  stratus,  or  strato-cumulus ,  etc.  Such 
errors,  discussed  elsewhere,  are  frequent.  In  drav/ing  the  map 
an  area  overcast  with  alto-stratus  is  customarily  shaded  faintly 
with  pencil  to  bring  out  its  shape  and  orientations  v/ith  reference 
to  the  front.  Ilote  that  in  analysis  the  alto-stratus  sheet  aids 
in  identifying  v/arm  front  structure,  while  in  "prognosis"  the  warm 
front,  now  identified,  is  a  basis  for  forecasting  the  kinds  of 
clouds# 
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35,  The  condition  of  the  sky  over  the  region  ;vhere  the 
v/arn  front  approaches  the  earth’s  surface,  (i.e,,  near  the 
itself)  varies  uith  humidity,  temperatures  of  earth  and  air,  etfi. 
This  variation  obscures  the  front’s  position.  The  warm  front 
cloud  system  often  extends  right  to  the  front,  the  edge  of  the 
alto-stratus  hidden  by  low  stratus  clouds  and  precipitation. 

These  clouds  may  merge  with  a  fog  and  drizzle  system  of  the  warm 
sector,  or  may  be  follov/ed  by  a  partly  cloudy  to  clear  warm  sector 
It  is  stated  (Bergeron)  that  the  alto  stratus-pallionimbus  clouds 
of  a  warm  front  systeiu  in  high  latitudes  extend  right  tOvthe 
front  except  when  (1)  an  upper  front  precedes  it,  or  (2)  a 
broad  but  shallow  layer  of  cool  air  exists  ahead  of  the  front, 
or  (3)  the  v;arm  mass  is  too  stable  to  "upglide”  (also  low 
hum.idity)  ,  In  such  cases  the  clouds  may  cease  a  considerable 
distance  ahead  of  the  f ront «  Individual  cases  are  decided  from 
study  of  alto-stratus  system  to  drizzle,  cumuliform  clouds,  or 
clear  sky  indicates  terruination  of  the  warmi  front  surface  and  in 
simple  cases,  proximity  of  the  front. 

36.  The  more  or  less  continuous  cloud  observ^iMons  by 

the  forecaster  locally  as  well  as  the  observetieas  reported  from 
ships  and  stations  are  important  in  analysis.  Kere  particularly 
the  method  applies  to  naval  weather  problems.  If  the  clouds 
observed  locally  during  the  day  do  not  fit  the  map  analysis,  the 
analysis  is  corrected.  "The  clouds  are  right;  the  analysis 
wrong".  Verification  or  correction  in  this  manner  is  an  important 
factor  in  accuracy  of  forecasts.  The  subject  frequently  comes 
into  discussion  in  Bergen  forecast  conferences.  Ship  observations 
of  clouds  carry  w'eight  because  clouds  are  more  representative 
at  sea  and  the  observer’s  vision  usually  covers  a  greater  area. 
Buch  an  observation,  covering  several  thousand  square  miles  at 
tim.es,  may  give  the  first  con^iisive  evidence  of  a  frontal  sur¬ 
face  w/hile  the  front  is  still  far  distant. 

37,  Some  exa^^es  are  cited  to  illustrate  the  numerous 
uses  of  cloud  reports  in  the  analysis.  The  presence  of  dense 
cirrus  forms  above  an  approaching  alto-stratus  area  is  favorable 
for  early  arrival  or  development  of  the  alto-stratus  rain.  Lack¬ 
ing  cirrus  forms,  rain  usually  does  not  occur  (in  high  latitudes, 
at  least)  .  The  dense  cirrus  sheet  of  a  warmi  front  gives  approxi¬ 
mately  by  its  direction  of  movement  and  velocity  the  average 
direction  of  miovemient  and  spggd  of  the  wurmi  front,  this  direc¬ 
tion  being  about  45  degrees  g^snsant^fclockwise  from  the  cirrus 


direction.  This  applies  to  the  denser  cirrus,  not  the  advance 
thin  foms.  (These  direction  relations  differ  from  the  old 
ideas  of  radiating  cirrus).  The  boundary  of  the  alto-stratus 
sheet  roughly  shows  the  orientation  of  the  front.  It  usually 
parallels  the  front.  A  change  in  direction  and  a  spreading  of 
the  cirrus  and  alto-stratus  sheets  are  the  first  indication  of 
wave  formation  on  a  quasi-stat ionary  front,  "Fallstreifen” 
not  only  indicate  the  development  of  rain  conditions  in  an 
alto-stratus  sheet  but  also  by  their  curvature  supplement  pilot 
balloon  soundings  in  showing  the  character  of  the  frontal  sur¬ 
face  discontinuity.  Strato-cumulus,  the  typical  cloud  formation 
just  below  an  anticyelonic  inversion  layer  (subsidence  layer) 
may  often  be  identified  by  means  of  its  diurnal  period  and  there¬ 
by  air  in  identification  of  the  atmospheric  structure.  If 
such  clouds  dissolve  at  night  they  are  probably  genuine  strato- 
cumulus.  If  they  show  no  diurnal  period  they  are  probably  alto¬ 
cumulus  belonging  to  a  frontal  surface,  often  incorrectly  re¬ 
ported  as  St rat o- cumulus  by  the  observer. 

38,  Next  as  an  indication  of  warm  front  structure  is  the 
area  of  steady  rain.  For  reasons  given  elsewhere,  such  rain 

is  usually  of  alto-stratus  origin;  that  is,  the  same  atmospheric 
formation  gives  rise  to  alto-stratus  clouds  and  steady  rain. 

The  relation  between  the  edge  of  the  rain  area  and  the  front 
and  the  variations  therein  are  stated  in  paragraph  33.  Orographi- 
cal  influences  on  pattern  of  rain  area  are  also  important  and 
are  discussed  under  examples.  A  ground  slope  of  fifty  feet 
per  mile  may  greatly  modify  the  rain  pattern  and  therefore  its 
relation  to  the  front.  In  complex  fronts  and  occlusions,  the 
front  may  lie  within  the  rain  area,  but  in  simple  fronts  it 
lies  along  the  edge  of  the  rain  area.  Front  location  is  indi¬ 
cated  also  by  changes  in  character,  amount  and  rate  of  rainfall. 
The  change  from  steady  light  rain  to  showers  is  analogous 
to  change  from  alto-stratus  to  cumulus.  Rain  may  reveal  the 
transition  when  the  cloud  systems  are  hidden  by  low  stratus. 

The  evidence  may  be  confused  by  occurrence  of  "moist  labile” 
showers  with  the  warm  front,  especially  in  lower  latitudes, 
but  in  this  case  the  pressure  tendencies  help  the  forecaster 
to  distinguish  such  showers  from  those  which  mark  a  change  in 
air  mass  aloft. 

39.  An  abnormally  broad  precipitation  area  usually  indicates 
the  presence  of  more  than  one  warm  front  surface.  This  frequently 
leads  to  discovery  of  a  double  front.  There  are  relations  be¬ 
tween  the  area  of  snowfall,  the  air  mass  and  the  position  of  the 
front;  also  between  the  form  of  precipitation,  whether  sleet, 
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soft  hail,  snow,  etc,,  and  the  front  and  air  mass  structuafe. 

Present  knowledge  of  these  relations  is  not  sufficiently 
advanced  to  permit  their  immediate  use.,  Ilov.’ever,  it  is  use¬ 
ful  to  recognize  that  a  definite  change  in  character  of  pre¬ 
cipitation  is  due  to  a  basic  change  in  air  characteristics  of 
that  locality  and  therefore  usually  a  change  in  air  m&ss. 

Often  there  are  certain  characteristics  of  individual  fronts, 
such  as  pattern  of  rain  area  which  aid  in  identifying  that  front 
from  map  to  map.  Excluding  orographical  effects,  a  line  of 
heavier  rainfall  in  a  rain  area  shows  the  orientation  of  a  front 
which  may  otherwise  be  hidden.  The  v/idth,  intensity  and  orienta¬ 
tion  of  the  rain  area  in  a  simple  warm  front  is  an  indication  of 
the  strength  and  direction  of  the  warm  current  aloft  when  pilot 
balloon  reports  are  lacking.  These  characteristics  are  indirect 
evidence  of  convergence  or  divergence  of  the  wind  stream 
direction  of  movement  of  the  system,  etc.  At  sea,  a  warra 
is  usually  followed  by  drizzle,  the  precipitation  form  typical 
of  a  warm  sector.  Over  land,  drizzle  is  less  frequent  but  when 
observed  it  has  usually  the  same  significance  as  over  sea,  Tor 
reasons  given  elsewhei-e  the  fi-ont  may  pass  through  the  drizzle 
area  (Kote  that  reference  is  to  true  drizzle ;not  to  light  rain) . 

40.  Next  in  importance  to  clouds  and  rain  as  evidence  of 
front  structure,  the  barometric  reports  may  be  listed.  Barometer 
tendencies  and  characteristics  especially  are  significant  ele-^ 
ments.  Any  front  passage  is  in  general  accompanied  by  a  tendency 
tov/ard  pressure  change  in  the  direction  of  increasing  pressure, 
that  is  by  a  less  rapid  fall,  a  change  from  falling  to  rising-^-  er 
a  miOi‘e  rapid  rise.  The  amount  and  character  of  the  change  de-’ 
pends  on  individual  structure,  orientation  and  miovemient  of  the 
front.  Studies  of  barograms  with  different  combinations  of 
structure,  orientation,  etc.,  reveal  the  relations  w/hich  in  re¬ 
ports  of  barometer  characteristic,  can  be  used  to  recognize  a 
front.  For  a  warm  front  the  typical  change  is  a  decrease  in 
the  rate  of  fall  of  the  barometer,  or  a  change  from  falling  to 
steady,  Infi-ecuently  it  is  a  change  from  falling  to  rising. 
Therefore,  when  the  miap  shows  an  area  with  pressure  characteris¬ 
tics  of  the  forra  «  or  v  (falling  then  steady,  or  falling 
then  rising)  along  a  line  where  a  front  is  suspected,  the  tenden¬ 
cies  show  the  position  of  the  front  providing  they  are  not  too 
greatly  influenced  by  diurnal  range,  etc.  Similarly  there  is  us¬ 
ually  a  front  between  two  adjacent  areas,  one  with  barometers  show¬ 
ing  a  well  defined  fall;  the  other  a  definite  rise.  Principle 
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fronts  rarely  pass  directly  through  an  important  anallohar  or 
a  large  high  pressure  center.  In  the  rare  cases  v/hen  rapid 
pressure  rise  in  higher  layers  produces  a  high  or  v;edge  v/ith  a 
front  through  it,  the  resulting  divergence  tends  to  miake  the 
front  diffuse.  Pressure  tendencies  are  especially  useful  in 
tracing  a  front  across  miountairious  countiy.  Often  v/hen  precipi¬ 
tation,  wind  and  temperature  are  so  modified  by  the  miouritains 
that  they  give  no  evidence,  the  pressure  changes  reveal  the  front's 
position.  This  states  only  that  pressure  change  reports  from 
mountain  stations  ere  often  the  best  means  for  determining  fispoiit 
movement,  and  not  that  the  relation  is  alv.'ays  simple  and  direct. 

It  is  sorriCtimies  masked  by  diurnal  changes,  or  by  i.i,fluence  of 
the  upper  wave  induced  by  mountain  ranges,  ( Oee  oogluaions ] . 

These  few  examples  serve  to  illustrate  some  of  the  nisriei'ous  uses 
of  pressure  change  reports. 
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41.  Closely  related  is  the  skilled  use  of  the  local  barograph 
trace  to  recognize  passage  of  fronts  and  fit  them  correctly  to  the 
analysis.  Even  for  minor  fronts,  this  practice  is  important  in 
present  methods.  Examples  given  later  are  illustrative.  The  evi¬ 
dence  is  not  always  certain.  Diurnal  effects  and  large  changes  in 
the  pressure  fields  of  cyclones  and  anticyclones  (rapid  deepending 
or  filling),  etc.,  complicate  the  identification  of  frontal  effects 
alone,  but  seldom  obscure  them  completely. 

42.  In  important  cases  the  three  hour  isellobars  are  drawn  to 
aid  in  locating  a  front.  These  are  placed  as  dashed  lines  on  the 
weather  map,  not  on  a  separate  auxilliary  chart.  The  purpose  is 

to  bring  out  their  relations  to  other  elements.  Since  usually  a 
front  is  preceded  by  a  katallobar  and  followed  by  an  anallobar 
these  may  reveal  its  position  when  cloud,  rain,  etc.,  indications 
are  complex.  These  details  are  not  so  plainly  shown  in  the  larger 
period  pressure  change  maps  (6,  -  12  or  24  hour),  which  therefore 
are  seldom  drawn.  When  drawn,  the  12  or  24  hour  isallobars  are 
used  to  obtain  further  evidence  of  movement  of  centers.  Katallo- 
bars  concentric  with  cyclone  centers  are  of  course  typical  of  oc¬ 
clusions.  In  advanced  "stages”  several  weak  occluded  fronts  may 
be  present  in  an  occluded  cyclone  with  the  usual  allobaric  rela¬ 
tions  hidden  by  the  general  katallobar.  Later  examples  illustrate 
probable  errors  in  isallobars  when  reports  are  sparse.  Comparison 
with  preceding  pressure  reports  (6  or  12  hours  before)  and  weigh¬ 
ing  of  the  possible  interpretations  usually  yields  a  correct  con¬ 
clusion  as  to  structure.  In  using  pressure  tendency  reports 
from  ships,  a  correction  must  be  made  for  the  ship’s  movement.  A 
ship  moving  at  right  angles  to  the  isobars  at  15  knots  may  have 
an  apparent  tendency  which  hides  the  real  tendency  at  a  stationary 
point.  The  correction  is  obtained  by  applying  the  ship’s  course  and 
average  speed. 

43.  Front  position  is  shown  also  by  shape  of  pressure  field. 

A  front  is  defined  as  a  boundary  between  air  masses,  a  wind  discon¬ 
tinuity.  It  is  often  too  weak  to  be  discovered  in  surface  wind 
reports,  especially  over  land.  The  accompanying  pressure  discon¬ 
tinuity  also  may  be  hidden,  but  pressure  reports  are  more  likely 

to  be  representative  than  wind  reports,  and  usually  the  discontin¬ 
uity  can  be  seen  in  accurately  interpolated  isobars.  Often  it  is 
revealed  only  by  intermediate  isobars  to  five  hundredths  of  an  inch 
or  less.  It  is  evident  that  any  change  in  direction  of  isobars 
associated  with  a  front  is  toward  the  lower  pressure  side.  Such 
isobars  are  always  concave  toward  lower  pressure.  Cf.  "Wind  always 
veers  with  passage  of  surface  front  -  a  line  of  converging  winds”. 

A  front  is  sometimes  shown  by  differences  in  the  pressure  gradients 
in  two  adjacent  areas.  This  is  equivalent  to  stating  that  the  two 
air  masses  on  opposite  sides  of  the  front  have  different  wind  veloc- 
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ities.  This  na^'-  be  entirel3^  missed  in  the  surface  v;ind  reports  and 
yet  show  clearly  in  the  pressure  field.  The  isobars  if  correctly 

oriented  and  spaced,  reveal  this  fact.  (£;ee  references  _ 

Geoph.  liemoir  ^-'bO  1930  Bjerknes).  At  sea,  where  v.'ind  reports  are 
more  representative,  the  correct  orientation  of  isobars  with  refer¬ 
ence  to  wind  and  barometer  is  especially  important  in  locating  a 
front.  Even  though  ship  reports  are  sparse,  the  isobars  accurately 
drawn  from  tw'o  ships  not  in  the  same  air  mass  place  the  front  at 
their  intersections.  In  drawing  isobars,  the  pressure  tendency 
reports  serve  as  intermediate  observations  to  aid  in  correct  inter¬ 
polation  and  spacing.  The  isobars  are  drawn  so  as  to  produce  the 
reported  tendencies. 

44.  The  Bergen  school  makes  much  use  of  the  probable  relations 
between  surface  isobars  and  winds  at  moderate  altitudes  to  estimate 
upper  winds  v/hen  pilot  balloon  reports  are  lacking.  Three  examples 
illustrate.  ITheii  is^orts  show  conclusively  that  crowded  isobars 
(steep  gradient)  expend  across  high  ®^untain  ranges  with  little 
interf ei’ence  the  f®recaster  knows  he  has  a  very  deep  wind 

current  to  consider.  (See  U.S.  Lap  Jan.  20,  1931).  V/arm  mass  iso¬ 
bars  meetir^  a  front  at  approximately  right  angles  indicate  that  the 
warm  curreiit  continues  aloft  far  beyond  the  front.  Isobars  parallel¬ 
ing  or  meeting  a  front  at  small 
angles  shov.  little  transfer  of 
air  aloft  acB^ss  the  front.  (Exam¬ 
ples  at  the  left.)  The  principle 
is  applied  also  to  drawn  isobars 
correctly  from  known  wind  fields. 

45.  The  relation  of  front 
movement  to  pressure  gradient  is 
illustrated  later.  (Examples) . 
Gradient  shows  not  only  the  move- 
m.ent  of  the  front,  but  also  the 
characrer,  whether  warm  or  cold, 
providing  the  air  masses  have  been 
identified.  The  Bergen  school  empha¬ 
sizes  that  a  surface  front  usually 
moves  consister.tly  with  reference 

- - — — = — - - - - to  the  pressure  field.  Distance 

and  direction  are  estimated  from  corresponding  gradient  in  the  cold 
mass,  using  component  normal  to  the  front.  This  is  a  rough  working 
rule.  Sources  of  inaccuracy  are  the  occasional  large  differences 
in  pressure  fields  between  the  lower  and  the  intermediate  layers, 
and  marked  subsidence  or  "upglide"  motion  along  the  front.  But  the 
rule  holds  true  in  most  cases.  As  a  quick  means  for  getting  the 
component,  a  celluloid  scale  is  used  in  Oslo.  It  is  based  on  lati¬ 
tude  and  distance  between  straight  isobars  as  arguments.  Btudy  of 


17 


average  gradient  since  the  preceding  ruap  often  shows  location  of 
a  front  othervjise  lost.  This  is  one  of  the  basic  and  most  useful 
of  present  frontal  principles, 

4|i&  c  gince  wind  and  pressure  fields  are  closely  related,  their 
indications  are  similar.  As  result  of  surface  influences, 
v/ind  reports  are  usually  less  representative  than  pressure  reports. 
The^”  therefore  require  careful  interpretation.  It  is  well  known 
that  shifts  in  wind  direction  and  changes  in  wind  velocity  often 
accompany  fi-ontso  But  sometimes  a  front  is  erroneously  drawn  along 
an  apparent  v/ind  shift  on  the  map  which  actually/  is  a  slow  veering. 

In  code  reports  to  eight  points,  such  an  error  is  easil:;  made.  I'or 
example,  if  tViere  is  a  steep  , gradient  on  the  eastern  side  of  a  lo\i 
a  group  of  stations  luay  have  BE  winds;  another  group,  just  south  of 
the  first,  have  SExL  winds;  a  third  group  just  south  of  the  second, 
have  SEE,  a  foui'th  SxE  and  so  on,  in  a  homogeneous  air  mass.  But  in 
the  coded  reports  to  eight  directions,  the  more  easterly  and  norther¬ 
ly  groups  report  southeast  and  tho  southerly  groups  report  south.  The 
line  between  those  i-eporting  southeast  and  those  repoi-ting  south  may 
be  mistaken  for  a  front.  Interpretation  as  a  warm  front  would  appar¬ 
ently  have  support  in  the  higher  teiiipcratures  reported  by  the  iioi’e 
southei’ly  stations.  Actually  the  temT.'eratui’e  difference  may  be  due 
only  the  usual  north-south  temperature  e?;i‘adient.  Confusion  is 
increased  the  fact  that  the  temperatui-e  diffci-ences  accompanying 
a  true  front  are  oflen  smaller  than  those  resulting  only  from  the 
"lat ituciinal’'  cifforences  within  the  same  air  mass.  The  distinction 
(front  change  reietively  discontinuous;  latitudinal  change  relatively 
continuous)  nay  not  be  apparent  on  tho  T)  io  T>  o  i  ho  best  precaution 
agai/ist  such  err®r  is  to  L.ake  the  analysis  satisfy  historical  sequen¬ 
ce  as  regards  previous  position,  pressure  gradient,  etc.  The  limit 
of  a  v:arm  air  i.vass  and  theixfoi’e  the  front  often  appears  as  the 
boundary  of  a  wind  curi-ent  of  uniforii  velocity  and  direction,  a 
characteristic  of  stable  tropical  air  a.asses. 

47,  Arsong  tho  relations  between  wind  field  and  movemLent  of 
front  (or  cyclone  cei;ter)  a.ay  bo  mentioned  that  luwst  cases  of  retro¬ 
grade  movement  occur  either  when  the/^e  is  an  active  (often  reinforc¬ 
ed)  warm  sector  opening  eastward,  or  when  an  occluded  cyclone  is  sur¬ 
rounding  by  a  w'ide  spread  easterly  wind  stream,  A  v/arra  front  in 
which  the  isobars  on  the  cold  side  are  aliaost  parallel  to  the  front 
and  clos'fsly  racked  remained  practically  statioi.ary  perhaps  for 
several  sifeys  as  when  the  lu'ont  is  a  principal  front  (Arctic  Front) 
aiid  the  cold  east  ’v/ind  blows  with  considerable  foi-ce,  obviously  fit¬ 
ting  v/ith  the  crov/ded  oast- west  isobars.  The  v/arm  sector  air  in 
such  case  ascends  the  frontal  surface  without  advancing  the  front 
on  the  (/round,  £ee  TEE,  maps  June  18-21,  ICEO, 
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48.  Basic  changes  in  the  use  uf  suriace  temperature  reports 
have  been  made  by  the  Bergen  school.  Originally,  temperature  was 
regarded  as  one  of  the  principal  elements  by  which  to  identify  fronts. 
This  viev/  led  to  fundamental  errors  in  weather  map  analysis.  Sur¬ 
face  temperatures  are  now  regarded  as  among  the  least  reliable  of 
frontal  characteristics.  Applicable  principally  to  surface  temper¬ 
atures,  this  sometimes  is  true  of  temperatures  aloft  also.  The 
reasons  are  evident,  surface  temperature  variations  in  the  same  air 
mass  result  from  local  features  such  as  differences  in  altitude, 
radiation,  snow  etc  .  These  variations  are  a<f  ten  lauch  greater 

than  the  representative  differences^  on  opposite  siiies  of  a  front. 
Uneven  subsidence  in  an  air  mass  pUsi^duces  tempera tu^’e  differences 
not  representative  of  the  mass  as  a  whole.  The  diurnal  range  intro¬ 
duces  uncertainies .  Consequently,  tem.perature  reports  are  nov/ 
used  as  conf irLia tory  evidence,  not  primary  evidence  of  front.  If 
the  position  of  a  front  is  hnown  approxima tely ,  study  of  the  temper¬ 
atures  may  chow  its  position  definitely.  For  this  p,ur*pose,  tiirie 
changes  in  temperature  if  available  in  the  reports,  as  v.ell  as  space 
changes  are  useful.  Reports  of  extreme  temperature  (max  or  min) 
can  be  used  to  estimate  time  changes. 

4£ .  In  general  for  warm  fronts,  the  "ground'^  front  is  drav/n 
at  the  end  of  the  associated  temperature  rise.  However,  with  a  ra¬ 
pid  rsoving  front  v/hich  has  left  a  shallow  but  broad  layer  of  cold 
air  no  longer  effective  as  a  frontal  surface,  it  may  be  necessary 
to  show  the  surface  front  near  the  beginning  of  the  associated  tem¬ 
perature  rise.  Other  circuListances  determine.  If  tempera  lures  a- 
loft  are  reported  it  is  usually,  not  always,  possible  to  recognize 
v/hether  or  not  a  teruperature  change  has  occurred  thru  an  altitude 
range  sufficient  to  mark  it  as  a  true  discontinuity.  The  distri¬ 
bution  and  indications  of  temperature  along  a  simple  warm  front 
(Bjerknes  and  Colberg  "classical”  type)  are  well  kno\7n  and  need  no 
discussion.  Examples  given  later  illustrate  how  surface  temperature 
differences  may  be  misleading, 

50.  The  above  objections  do  not  prevent  use  of  temperature  re¬ 
ports  when  circumstances  show  that  the  discontinuity  is  unni stakeable 
evidence  of  a  front.  The  studj^  of  numerous  cjises  for  "Western  Eui'ope 
has  enabled  meteorologists  there  to  find  charSic teristics  useful  in 
identifying  fronts,  but  the  characteristics  do  not  necessarily  apply 
to  other  continents.  Similar  studies  w-ill  have  to  be  made  for  other 
climatic  regions.  Temperature  observations  are  given  relatively 
greater  weight  in  front  identification  in  m.ountainous  regions.  Here 
they  often  stand  close  to  pressure  tendency  in  importance  because 
tho3^  are  large  local  modifications  of  clouds,  absolute  pressure,  etc. 
The  use  of  temperature  change  (24  hour)  is  often  conclusive  evidence, 
especially  if  allowance  can  be  made  for  differences  in  cloud  cover 
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during  the  preceding  periods.  Valley  temperatures  are  likely  to  be 
more  representative  in  afternoon  than  at  night.  Summit  stations 
are  usually  representative  when  winds  are  force  four  or  greater. 

51.  Humidity  reports,  like  temperature,  are  relatively  unre¬ 
liable  for  front  identification.  Their  use  in  Norway  is  not  Stan*- 
dardized.  For  current  analysis  where  speed  is  essential,  humidity 
is  usually  expressed  as  dewpoint.  Its  use  rarely  extends  beyond 
the  simple  principle  that  an  increase  in  dewpoint  representative 
of  an  actual  air  mass  change  typifies  a  change  to  Tropical  Air, 
while  a  marked  and  representative  decrease  indicates  a  change  to 
Polar  (or  Arctic)  Air.  Although  not  among  the  most  important  ele¬ 
ments  in  analysis,  humidity  (dewpoint)  not  infrequently  carries 
the  "deciding  vote". 
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52.  COLD  FROKT.  The  principles  msed  in  finding  positions 

of  cold  fronts,  stated  briefly  below,  are  given  in  an  order  simi¬ 
lar  to  that  for  warm  fronts,  the  most  important  criteria  first. 
Here  again,  circumstances  alter  relative  importance. 

53.  Gold  fronts  are  given  the  test  of  historical  sequence  in 
the  same  manner  as  v/arm  fronts.  This  principle  can  scarcely  be 
over  emphasized  as  a  primary  rule  in  Bergen  procedure. 

54.  Characteristic  clouds  resulting  from  the  instability  of 
cold  fronts  are  indicative  of  the  position  of  such  front.  The 
usual  forms  are  cumulus  {tov;ering)  and  cumulo-nimbus  occurring 
with  or  just  behind  a  cold  front.  To  these  may  be  added  special 
forms  of  alto-cumulus,  for  example,  A  Cu  castellatus  and  cirrus 
which  sometimies  are  reported  ahead  of  a  cold  front.  Although  code 
reports  do  not  distinguish  betv/een  all  of  these  forms,  it  is  often 
possible  to  recognize  then  v/ith  reasonable  certainty  in  the  assoc¬ 
iated  reports.  The  presence  of  these  upper  cloud  forms  sometimes 
complicates  analysis  of  the  cold  front.  A  nari-ov;  zone  of  cumulus 
or  cumulo-nimbus  clouds  followed  by  clearing  often  shows  the 
position  of  a  weak  cold  front  v/hich  is  not  easily  found  in  other 
elements.  Some  cold  fronts  are  followed  by  a  zone  of  subsidence 
sufficient  to  dissolve  the  shower  clouds  and  leave  a  wiac  hand  of 
clear  sky  between  the  frontal  clouds  and  the  instability  showers 
of  the  cold  air  mass.  V.'ith*  reference  to  cloud  amount,  the  boundary 
betv/een  an  overcast  area  and  a  partly  cloudy  to  clear  area  may 
mark  the  front  between  a  warm  air  mass  with  stratus  clouds  and  a 
cold  air  mass  with  cumulifom  clouds  (marine  climate];  or  the 
boundary  betw'een  a  clear  area  and  a  partly  cloudy  zone  may  mark 
the  front  betv/cen  a  clear  warn  sector  (continental)  and  the  ad¬ 
vancing  cold  mass.  Except  for  the  narrow  strip  along  the  front 
where  shower  clouds  often  merge  and  cover  the  sky,  a  cold  front  is 
typified  by  detached  clouds  in  contrast  to  the  overcast  sky  of  a 
warm  front  surface.  'Tnile  cold  front  cloud  types  ore  not  as  fre¬ 
quently  confused  bj’’  observers  as  ai-e  warm  front  types  (e.g.  con¬ 
fusion  of  stratus,  stra to -cumulus  W’ith  alto-stratus),  the  reports 
are  not  ?;ithout  observational  errors.  P.  considerable  technique 
has  grown  up  in  interpretation  of  clouds  as  indicative  of  front 
structure.  Some  of  this  is  given  in  the  illustrations. 
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55.  Subsidence  in  an  advancing  cold  mass,  evidenced  by  upper 
air  data,  pressure  field,  etc.,  plays  an  important  part  in  inter¬ 
pretation  of  cold  front  clouds.  Subsidence  immediately  behind  the 
front  gives  rapid  clearing,  often  followed  in  a  few  hours  by  a  low 
strato-cumulus  system  in  zones  ^ere  the  subsidence  surface  has 
formed  a  "lid”  over  surface  convectional  clouds.  Obviously  temper¬ 
ature  gradient  and  humidity  in  the  lower  layers  must  be  favorable 
for  such  clouds  to  form,  features  which  are  studied  in  the  history 
of  the  air  masses  concerned.  Other  effects  of  subsidence  will 
be  found. 


56.  Precipitation  is  an  important  element  for  cold  front  ident¬ 
ification.  Shower  precipitation  (relatively  heavy  and  brief)  is 
typical  of  cold  fronts  in  contrast  to  the  light,  steady  and  prolonged 
rain  of  simple  warm  fronts.  Reports  of  character  of  precipitation 
give  direct  evidence,  and  reports  of  amount  and  duration,  indirect 
evidence  as  to  whether  precipitation  is  of  cold  front  origin.  Fre¬ 
quently  a  cold  front  is  plainly  shown  on  the  map  by  the  edge  of  ad¬ 
vancing  precipitation,  either  active  or  past.  It  is  useful  to  ex¬ 
trapolate  from  the  hours  of  occurrence  of  cold  front  thunderstorms 

to  fix  the  position  of  a  front  between  stations.  Isochromes  of  time 
of  occurrence  of  precipitation  aid  in  finding  the  front.  Prefrontal 
precipitation  may  give  confusing  indications.  (See  later  paragraph). 
When  front  structure  is  such  as  to  give  a  certain  zone  of  prefrontal 
rain,  the  characteristic  tends  to  persist  and  is  useful  to  fix  the 
position  of  the  front  on  the  succeeding  map.  It  is  not  common  for  a 
front  structure  to  change  so  quickly  as  to  show  opposite  characteris¬ 
tics  on  two  consecutive  maps.  This  principle  is  used  much  to  identi¬ 
fy  occluded  fronts. 

57.  Other  characteristics  in  the  precipitation  and  cloud  forms 
aid  in  recognizing  showery  conditions  and  indirectly  point  to  cold 
front  type,  for  example  size  of  rain  drops.  Such  things  are  indica¬ 
tive  only,  not  positive  identification  marks.  Taken  together  they 
are  often  conclusive  in  identifying  front  structure,  especially  when 
the  front  passes  the  forecasters  station. 

58.  Prefrontal  rain  may  be  incorrectly  explained  as  due  to  over¬ 
running  far  in  advance  of  the  cold  front.  In  general,  such  explana¬ 
tion  is  justified  only  when  supported  by  upper  wind  observations, 
pressure  field,  etc.  Recent  research  has  indicated  that  the  cause  of 
most  prefrontal  thunderstorms  lies  in  the  upper  wave  formation  des¬ 
cribed  recently  by  Bjerknes.  (See  paragraphs  on  occlusions  and  list 
of  references) . 

59.  The  instability  showers  which  occur  in  a  maritime  polar  air 
mass  are  usually  scattered  and  without  systematic  arrangement.  There 
are  many  cases,  however,  when  showers  at  first  sight  taken  as  acci¬ 
dental,  can  be  logically  related  to  an  old  occluded  front.  This  gives 
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a  basis  for  forecasting  these  shov/ers  more  accurately/-  The  Bergen 
school  is  reluctant  to  class  sho\7ers  as  accidental  anc.  does  so 
only  when  certain  that  they  have  no  logical  relation  to  a  front, 

IVhen  air  mass  instability  is  favorable  for  scattered  shov’ers  they 
naturally  form  first  along  an  old  front  where  conditions  are  still 
more  favorable, 

60.  Distinction  must  be  made  in  the  analysis  between  true  cold 
front  shov/ers  and  the  shov/ers  resulting  from  radiation  at  night  from 
the  upper  surface  of  stratus  systemis.  Character  of  air  mass,  cloud 
forms  and  lightness  of  precipitation  usually  enable  the  forecaster 
to  recognize  such  cases. 

61.  Treasure  tendencies,  isallobars,  pressure  field  and  grad¬ 
ient  aid  in  recognizing  ano  locating  cold  fionta  as  they  do  v/arm 
fronts.  Characteristics  (pressure)  given  under  v/arm  fronts  could  be 
repeated  here.  The  typical  baroraeter  tendency"  is  change  from  steady 
or  falling  to  rising  rapidly.  Individual  cases  vary  from,  strong 
fronts  v/ith  greatly  increased  rise  to  v/eak  fronts  v/ith  only  a  temipor- 
arily  decreased  fall,  the  variations  due  largely  to  differences  in 
intensity  of  front,  and  orientation  of  pressure  field  around  it, 
Isallobaric  indications  of  cold  fronts  are  often  v/ell  defined,  ns 
v/ith  v/arm  fronts,  a  cold  front  m.ovement  is  estimated  from  gradient 
normial  to  the  front  in  the  cold  miass,  an  old  principle  often  insuf¬ 
ficiently  utilizea.  As  v/ith  all  fronts,  pressure  field  anc.  front 

are  fitted  together.  Keither  is  arbitrarily  fixed  and  the  other 
drav/n  to  it.  The  front  and  the  pressure  ’’Vee" ,  greet  or  sm.all,  are 
drawn  to  explain  the  observation. 

62.  Because  the  advancing  cold  air  raass  is  usually  unstable, 
surface  wind  reports  are  more  representative  behind  the  cold  front 
than  elsev/here.  Not  overlooking  the  limitations  mentioned  under 
paragraphs  46,  63  etc,,  the  front  is  not  infrequently  found  by  the 
change  in  v/ind  direction  and  wind  velocity  in  a  zone  v/here  historical 
sequence,  etc,  leads  one  to  expect  it.  The  occurrence  of  v.ind  in¬ 
crease  with  passage  of  a  cold  front  is  useful  evidence  v/hen  observed. 
However,  counter  clock  v/ise  movement  of  the  front  v/ith  respect  to  the 
low  center  brings  it  eventually  into  a  pressui‘e  field  v/here  the  v/ind 
shift  is  slight  and  the  subsequent  change  to  northwest  in  the  form 

of  a  very  gradual  veering  behind  the  front.  This  feature  is  most 
frequently  fourid  in  occlusions.  It  follows  therefore  that  wind 
reports  as  ordinarily  given  on  the  weather  map  are  used  to  fix  a 
front  only  if  other  important  elements  confirm  the  position,  or  at 
least  are  not  contradictory, 

63.  For  cold  fronts  as  for  warm  fronts,  surface  temperature 
is  uncertain  evidence  of  front  position.  Subsidence  in  the  spread¬ 
ing  cold  m.ass  modifies  its  temperature  and  miasks  the  original 
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temperature  discontinuity.  This  effect  together  vdth  the  Y/ind  effect 
just  referred  to  (preceding  paragraph) ,  gives  the  front  an  apparent 
position  to  v.lndward  of  its  true  position.  See  examples.  The  pract¬ 
ice  of  placing  a  front  solely  on  temperature  contrast  leads  to  er3?®r 
especially  in  a  fresh  Polar  or  Arctic  air  mass  because  here  the  "con¬ 
tinuous''  horizontal  temperature  gradient  is  greatest  and  therefore, 
most  misleading.  In  such  an  air  mass,  the  temperature  contrast  be¬ 
tween  adjacent  stations  is  often  greater  than  when  there  is  a  true 
cold  front.  According  to  Bergen  school,  it  is  a  common  error  to 
draw  secondary  cold  fronts  based  on  such  temperature  contrasts  when 
they  are  not  effective  discontinuities  but  only  rapid,  continuous 
changes.  The  evidence  lies  in  the  accompanjdng  barograph  and  thermo¬ 
graph  traces,  and  in  the  failure  of  the  supposed  fronts  to  meet  the  re¬ 
quirement  of  historical  sequence,  not  withstanding  the  foregoing,  there 
are  many  cases  in  which  a  cold  front  has  the  simple  type  of  temperat¬ 
ure  discontinuity  v/hich  is  useful  in  placing  the  front.  Such  cases 
recognized  in  the  accompanying  elements  of  cloudiness,  diurnal  ranges, 
etc.,  and  the  fiont  is  correctly  located  v/hen  drawn  at  the  beginning 
of  the  temperature  fall  associated  v/ith  it.  (A  rule  opposite  to  that 
for  Y/arm  front)  . 

64.  Humidity  (dewpoint)  reports  in  the  rear  of  cold  fronts  are 
more  representative  than  in  vicinity  of  v/arm  fronts  and  are  therefore 
more  useful  for  cold  front  identification.  They  are  most  useful  whoi 
the  cold  front  is  dry  and  the  wind  strong.  Some  use  has  been  made 

of  specific  humidities,  lapse  rates,  and  other  functions  of  temper¬ 
ature  and  humidity.  These  elements,  for  reasons  mentioned  elsewhere 
have  not  been  reduced  to  regular  use  in  analysis. 

65.  and  66.  Omitted. 

67.  OCCLUDED  FRONTS;  UPPER  FRONTS;  UPPER  Y;AVES.  European  analy¬ 
sis  have  shown  that  most  storms  occlude  quickly.  The  majority  of 
fronts  therefore  are  in  form  of  occlusions,  or  upper  fronts,  a  still 
further  advanced  stage.  At  the  instant  of  occlusion  the  warm  and  cold 
fronts  coincide  along  a  line  at  the  earth’s  surface  (approx.).  If 
the  telescoping  mo\ement  continues,  one  of  the  fronts,  usually  that 
bounding  the  v/armer  of  the  two  cold  masses,  is  forced  aloft.  This 
front  subsequently  exists  only  aloft  unless  regenerated  as  discussed 
later.  Its  position  is  shown  on  the  map  by  a  dashed  line  along  its 
projection  on  the  earth's  surface,  -  dashed  to  distinguish  it  from  a 
surface  front.  The  two  fronts  (surface  occlusion  and  upper  front) 
may  continue  to  move  farther  apart  in  this  reversed  position 
and  both  remain  significant.  Usually  the  upper  front  becomes  the 
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more  importa^it  a£>  regards  precipitation.  Examples  are  shown  else- 
v/here  .  Since  occluded  and  upper  I'ronts  result  from  a  combination 
of  warm  and  cold  fronts,  they  show  a  great  variety  of  characteris¬ 
tics,  in  fact  any  combination  of  v/arm  and  cold  front  characteristics. 
Becau.se  of  their  complexity,  methods  of  identification  are  less  cer¬ 
tain  than  for  simple  warm  or  cold  fronts.  The  characteristics  most 
useful  in  identification  are  given  briefly  below.  Others  are  illus¬ 
trated  in  the  examples.  Certain  features  of  the  subject  have  been 
discussed  in  more  detail  by  Bergeron  and  by  Refsdal  ( ref erences---- 
and  )  . 

68.  The  first  principle,  historical  sequence,  has  great  ixaport- 
ance  in  examination  of  occluded  fronts  because  of  wide  variation  in 
occlusion  characteristics.  Current  observations  alone  are  rarely 
conclusive  in  identifying  an  occlusion.  Its  position  and  structure 
on  the  present  map  must  represent  a  development  consistent  with  the 
observed  facts  of  pressure,  wind,  clouds,  etc.,  as  given  by  previous 
maps  and  intervening  observations.  This  test  is  applied  without 
difficulty  when  the  suppose  occlusion  is  a  surl'ace  front.  Its 
application  to  upper  fronts  is  more  difficult  because  of  lack  of  de¬ 
finite  data  as  to  pressure  fields  etc.,  at  the  higher  levels  which 
are  related  to  upper  front  behavior.  Upper  fronts  are  nevertheless 
made  to  satisfy  the  requirement  as  far  as  possible  with  data  avail¬ 
able,  a  practice  which  often  corrects  an  erroneous  analysis. 

69.  Clouds  and  precipitation  are  often  good  evidence  of  occlud¬ 
ed  front  position.  In  simple  types  an  alto-stratus  system  resembling 
that  of  a  warm  front  is  found  aheau  of  the  occlusion,  and  a  cumulo¬ 
nimbus  system  more  or  less  obscured  by  persistence  of  the  altostratus 
and ^ pallionimbus  sheets  follows  imined i atel y  behind  the  occlusion. 

The  two  systems  obviously  overlap  in  most  cases.  Since  the  resulting 
cloud  combinations  are  complex  and  difficult  to  identify,  a  better 
index  of  the  front’s  position  is  often  found  in  the  character  of  the 
precipitation.  Change  from  steady  rain  (alto-stratus  type)  to 
showers  (instability  type)  usually  marks  the  front.  There  is  a  possi¬ 
bility  of  confusion  when  showers  result  from  moist  labile  instability 
as  mentioned  elsewhere.  A  very  useful  characteristic  is  the  persist¬ 
ence  of  the  rain  pattern  associated  with  a  given  occlusion.  In  most 
cases  in  which  the  rain  area  has  the  same  definite  pattern  on  suc¬ 
cessive  maps,  the  occluded  front  occupies  the  same  position  relative 
to  it  during  the  entire  period.  Similar  characteris+ics  are  shown  by 
upper  fronts.  Evidence  of  an  upper  front  is  usually  found  in  a  rain 
area  with  a  regular  boundary  which  lies  some  distance  from,  an  occlu¬ 
sion  with  a  rainless  zone  between  and  with  the  rain  boundary  accom¬ 
panied  by  barometer  tendencies  typical  of  front  passages.  The  dis¬ 
tance  between  the  boundary  and  the  surface  front  (occlusion)  shows  a 
progressive  increase  from  map  to  map.  See  illustrations. 
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7C .  Since  the  "upglide’'  movement  ot  an  oecluded  front  surface 
is  often  weak,  the  alto-stratus  system  sh®ws  many  variations <>  Alto¬ 
cumulus  types  are  frequent,  also  irregular  alto-stratus  which  are 
easily  mistaken  for  strato-cuiiulus  by  observers ^  the  height  of  the 
clouds  being  greatly  underestimated.  In  such  cases  the-  forms  can 
sometimes  be  cistinguished  by  noting  the  presence  of  small  frag¬ 
ments  of  high  fracto-stratus  or  f racto-cumulus  formed  as  result  of 
"fallstreif en" .  The  height  of  these  frato  forms  as  well  as  their 
origin  demonstrates  that  the  clouds  above  (usuall^;^  overcast  sky) 
are  alto-stratus,  not  strato-cumulus .  The  Bergen  school  regards 
cirro-cumulus  as  generally  the  same  in  form  and  origin  as  alto-cum¬ 
ulus,  only  smialler  and  higher,  and  in  analysis  makes  little  distinc¬ 
tion  between  them. 

71.  Pressui-e  and  wind  are  used  in  recognizing  occluded  fronts 
much  the  same  as  in  warm  and  cold  fronts.  A  distinctive  feature 

is  that  the  pressure  field  around  an  occlusion  is  likely  to  show 
a  sharp  Vee.  This  follows  from  the  process  of  "squeezing  out" 
the  v;arm  sector  isobars  and  bringing  together  the  two  barometric 
systems  of  the  opposing  cold  masses  with  their  greater  isobaric 
curvature.  The  Vee  field  around  a  loop  occlusion  results  in  a 
crowding  of  the  isobars  where  the  Vee  terminates  in  the  general 
pressure  fields  and  gives  increased  winds  (gales)  often  found  at  the 
tip  of  the  loop  occlusion.  This  feature  sometimes  aids  in  front 
identification.  (Loop  occlusions  are  shown  in  examples  later).  In 
agreement  with  the  pressure  field,  the  winds  usually  show  converg¬ 
ence  along  an  occlusion,  and  for  reasons  referred  to  above  the 
change  in  wind  direction  with  a  recently  occluded  front  is  rela¬ 
tively  great.  In  old  occlusions  the  shift  becomes  very  weak  or 
is  lost.  It  is  typical  for  a  loop  occlusion  to  shov;  a  wind  shift 
of  45  to  90  degrees.  Its  approach  causes  an  "unexpected"  backing 
of  the  Y/inds  some  distance  in  the  rear  of.  the  original  occlusion. 
This  feature  serves  to  identify  a  loop  occlusion  on  the  map.  Upper 
fronts  also  may  show  a  wind  convergence  hut  it  is  usually  slight 
or  entirely  hidden  unless  wind  reports  are  available  to  thirty  two 
points . 

72.  It  follov/s  from  the  foregoing  that  barometric  tendencies 
also  shoY;  the  "effects"  of  occlusions  and  upper  fronts.  The  tend- 
dency  reports  are  among  the  most  important  evidence  of  occlusions, 
especially  when  they  occur  as  double  fronts,  more  or  less  masked 
by  Y/ide  rain  areas  and  strong  v;inds.  These  tendency  indications 
are  similar  to  those  for  warm  and  cold  fronts,  and  are  therefore 
not  repeated  here.  Even  Y/eak  occlusions  show  some  effect  on  the 
microbarograph.  When  a  line  of  pressure  tendency  reports  confirm 
one  or  tv/o  other  indications  of  the  location  of  an  occluded  front, 
the  evidence  may  usually  be  taken  as  conclusive. 


26 


73.  It  occasionally  happens  that  the  general  pressure  field  is 
favorable  for  an  occlusion  to  approach  a  small  cyclone.  The  occlusion 
clearly  cannot  enter  the  cyclone  center  as  a  straight  line  unchanged 
by  the  cyclonic  circulation.  This  fact  is  sometimes  important  in  the 
forecast.  The  occlusion  is  modified  as  indicated  in  the  diagram, 
the  line  A-B  representing  a  position  during  its  approach,  and  C-D, 
a  later  position.  In  the  rear  portion  of  the  cyclone  the  occlusion 

would  become  attenuated;  in  the 
front  portion  it  might  be  sharpen¬ 
ed.  This  situation  is  limited  most¬ 
ly  to  weak:  occlusions  and  weak  cy¬ 
clones  although  sometimes  a  large  cy¬ 
clone  brings  in  outside  occlusions 
in  a  similar  manner.  In  no  case 
does  an  outside  surface  front  move 
with  freedom  into  or  out  of  a  low 
center  as  a  straight  line.  Usually 
when  there  seems  to  be  evidence  of 
such  behavior,  it  is  due  to  an  up¬ 
per  front. 


74.  Temperature  and  humidity  reports  may  cause  an  occluded  f.ront 
to  be  mistaken  for  a  warm  or  cold  front  unless  other  evidence  is 
given  proper  weight.  The  practice  with  reference  to  temperature  and 
humidity  as  related  to  occlusions  and  upper  fronts  is  implied  in  the 
paragraphs  on  warm  and  cold  fronts. 

75.  UPPER  WAVES.  Certain  features  in  the  behavior  of  fronts 
and  accompanying  weather  indicate  the  influence  of  an  upper  wave 
formation  in  the  substratosphere.  The  indications  have  been  sub¬ 
stantiated  by  detailed  studies  of  upper  air  conditions  in  connection 
with  fronts.  The  formation  and  its  substantiating  evidence  are  too 
long  for  inclusion  here.  It  will  subsequently  appear  in  published 
form.  (J.  Bjerknes  paper  to  Brit.  A.  A.  S.).  Essentially,  the  theory 
is  based  on  the  principles  demonstrated  by  Sckman  expressing  the 
effect  of  a  bottom  barrier  on  the  flow  on  an  overlying-  ocean  current. 
An  analogy  exists  in  the  flow  of  upper  air  currents  over  the  "barrier" 
of  a  cold  air  mass.  The  result  is  a  deflection  of  the  upper  currents 
in  a  manner  to  cause  a  wave-like  deformation  of  the  tropopause. 

This  in  turn,  due  to  the  relatively  large  slope  of  the  tropopause 
in  middle  latitudes,  results  in  importation  of  potentially  colder 
air  aloft,  increases  the  lapse  rate  and  produces  instability  progress¬ 
ively  from  aloft  downward.  The  place  most  favorable  for  the  latter 
effect  is  above  the  cold  front  surface,  that  is  in  a  section  where 
the  upper  air  current  is  permitted  to  increase  its  depth.  The  process 
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explains  some  forms  of  prefrontal  rain.  It  explains  the  turreted 
alto-cumulus  and  thunderstorms  v/hich  precede  some  cold  fronts. 

Once  started,  such  a  wave  deformation  may  travel  ahead  of  the 
barrier  where  it  originated.  It  may  continue  for  some  distance 
after  its  associated  front  has  stopped,  and  it  if  overtakes  an 
old  front,  it  may  reinforce  that  front.  See  example,  U.S.S.  Los 
Angeles,  June  26,  1£20  map.  After  occlusion,  deflection  of  the 
currents  aloft  would  tend  to  occur  farther  to  the  rear,  a  fact 
which  agrees  with  observed  results.  (Lagging  of  shower  area,  Ltc )  . 
The  wa\e  phenomienon  probably  takes  on  complex  forms  in  cases  of 
loop  occlusions  and  is  perhaps  the  cause  of  the  erratic  behavior 
sometimes  observed  in  upper  fronts  and  associated  thunderstorms, 
e  t  c  0 


76 o  It  is  to  be  noted  that  a  pi-essure  trough  aloft  whether  due 
to  an  upper  front  or  to  a  v/ave  phenomenon  may  impress  its  field 
upon  the  surl'ace  isobars  and  thus  set  up  a  wind  contrast  in  the 
lower  layers.  If  the  field  is  approximately  stationary  the  lower 
winds  gradually  build  up  a  true  discontinuity  which  becomes  an 
active  surface  front. 

77 o  A  mountain  range  may  also  constitute  the- barrier  which 
produces  the  upper  wave  referi-ed  to  above.  The  wave  so  started  may 
reinforce  an  old  front  lying  to  leeward,  or  hasten  f rontogenesis 
in  a  foehn  low.  It  is  a  factor  to  be  taken  into  account  in  forecas¬ 
ting  for  regions  to  leeward  of  mountains  when  upper  winds  aie  favor¬ 
able  for  its  development  and  especially  when  an  old  fi'ont  lies  over 
the  region.  Further  studies  are  being  made  of  upper  wave  formation 
and  the  apparently  related  phenomenon  (wave  crest)  w'hich  causes 
abnormally  large  m.ovement  of  an  anticyclone  in  cases  when  movement 
cannot  be  ascribed  solely  to  translation  of  air  mass. 

78.  FOHLCASTIKG.  The  principles  used  in  the  analysis  ( "opi- 
gnosis")  are  used  again  by  the  forecaster  to  project  the  pressure 
and  v/ind  fields,  the  fronts  and  accompanying  weather  tor  periods  of 
6,l'2,24  or  36  hours  into  the  future  and  thus  prepare  the  "progno¬ 
sis".  Analysis  and  forecast  excluding  timic  given  to  forecasters 
conference  require  sixty  to  ninety  minutes  providing  the  preceding 
m^ap  has  been  correctly  analyzed.  Obviously  not  all  of  the  detailed 
tests  outlined  in  the  foregoing  paragraphs  can  be  applied  lo  e\ery  sta¬ 
tion.  This  is  not  necessary.  Careful  interpretation  of  a  few  re¬ 
presentative  stations  followed  by  examination  of  reports  along  the 
probable  positions  of  fronts  is  usually  sifficient.  The  procedure 
can  in  practice  be  fitted  to  ordinary  forecast  routine  with  less 
than  thirty  minutes  increase  in  the  time  usually  required  for  fore¬ 
cast,  a  small  increase  compared  with  the  results.  Forecasts  by  the 
Bergen  school  are  detailed  and,  considering  the  geographical  loca¬ 
tion,  remarkably  accurate.  The  forecast  verification  system,  re¬ 
sembling  in  strictness  and  detail  that  used  for  form  N.Aer.  447 
(LSN)  sets  a  high  standard.  The  forecaster  usually  does  not  ac¬ 
cept  a  technical  verification  if  in  a  practical  sense  the  forecast 
was  not  satisfactory. 
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79.  An  important  part  of  the  forecast  procedure  is  the  daily 
conference  of  the  forecasting  staff  held  just  after  completion  of 
the  m.orning  map  and  before  the  forecast  is  completed o  The  confer¬ 
ence,  notwithstanding  a  fev/  disadvantages,  is  regarded  as  indis- 
pensible.  V/ith  a  logical  method  of  analysis  and  forecasting  there 
is  good  basis  for  discussion.  The  conference  helps  in  discovering 
inconsistencies  in  analysis  and  aids  in  shaping  the  analysis  to 
fit  all  weather  conditions  observed  locally.  During  conference, 
the  probable  vertical  structure  is  visualized  by  use  of  indirect 
aerology  to  supplement  available  upper  air  observations.  The  prob¬ 
able  displacement  of  the  ’’axis”  of  a  cyclone  or  anticyclone  with 
altitude  as  indicated  by  upper  winds  and  cloud  movements  (’’warm  air 
lies  to  the  left")  is  frequently  discussed  in  relation  to  future 
development  of  the  pressure  field.  A  comparison  of  such  structure 
with  the  mean  positions  of  fronts  and  mean  (climatological;  struct¬ 
ure  as  shov/n  by  averages  of  pressure  and  temperature  aloft  (GfC  Shaw 
I/.anual  II)  is  used  to  estimate  cause  and  behavior  in  individual 
cases.  The  mean  upper  air  charts  also  are  usea  to  study  regions 
climatically  favorable  for  f rontogenesis  or  frontolysis.  A  "clima¬ 
tic  neutral  point  is  closely  examined  for  new  formations.  For  ex¬ 
ample  the  general  area  of  I.lexico  and  the  west  Gulf.  In  summer,  the 
front  between  the  trade  v/irids  and  the  equatorial  air  off  West  Africa 
may  be  a  region  of  cyclogenesis.  The  seasonal  differences  in  tem¬ 
peratures  of  general  air  masses  are  of  course  studied.  The  Azores 
Area  of  tropical  air,  for  example,  acts  as  true  tropical  air  in 
winter,  but  often  as  polar  air  in  sumijier.  There  are  zones  v;here  a 
stable  air  mass  serves  as  a  front  barrier,  e.g.  the  Arctic  frontal 
zone,  or  the  Atlantic  tropical  High  ("Bermuda  High"),  huch  a  zone 
may  be  identified  by  the  pressure  and  wdnd  fields  tut  sometimes  only 
by  the  evidence  of  its  effect  on  fronts  in  the  past.  These  subjects 
are  of  special  interest  for  their  bearing  on  forecasts  of  longer 
range.  There  are  periods  for  instance  when  a  tropical  air  mxass  be- 
coLies  well  established  over  an  area.  It  is  usually  stable  and  in¬ 
active.  Its  generally  fair  weather  continues  until  there  is  evidence 
of  a  strong  polar  outbreak  moving  southv/ard  to  displace  it.  This 
principle  has  been  used  in  southeastern  United  States  as  well  as  in 
Europe.  Certain  studies  are  being  made  in  Europe  to  further  develope 
the  system  of  longer  range  forecasts  based  on  these  principles.  The 
possibilities  look  promising  although  not  certain.  Their  value  for 
naval  purposes  is  evident. 

80,  to  100  incl.  -  Omitted. 
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TYPICAL  STASES  AND  REPRESENTATIVE  REPORTS  IN  A  MOVING  CYCLONE  OVER  THE  OCEAN 


101,  The  diagrams  which  fellow  are  to  shoT/  the  development 
certain  front  formations  and  to  illustrate  the  present  methods 
of  the  Bergen  school.  That  present  methods  differ  in  important 
,  respects  from  methods  in  use  elsev/here  and  that  they  lead  to  more 
satisfaction  in  frontal  analysis  is  quickly  seen  by  comparison  of 
the  maps  and  analysis  from  different  institutes. 

102 o  The  Bergen  viev/  point  in  analysis  holds  that  the  map 
must  picture  the  frontal  structure,  the  wind  and  pressure  fields, 
etc.,  in  their  true  and  logical  forms.  Isobars  must  be  more  than 
contour  lines  thru  given  reports  of  pressure.  The  forecaster  must 
interpret  the  always  inadequate  data  sc  that  the  isobars  and  fronts 
explain  the  casual  relations  among  the  v/eather  elements  to  the  best 
of  his  judgment.  Data  are  "always  inadequate"  because  of  the  inac¬ 
curacies  in  observations  and  reports,  the  limitations  imposed  by 
synoptic  codes  and  the  sparseness  of  observing  stations.  In  illus¬ 
tration  of  the  viewpoint,  the  forecaster  knov/s  that  barometer  read¬ 
ings  are  reported  only  to  nearest  even  hundredths  of  an  inch  (U.S,). 
^ii7hen  several  adjacent  stations  report  3C,00,  he  knows  that  the  act¬ 
ual  readings  may  very  from  this  by  plus  or  minus  o009  inch,  possi¬ 
ble  total  variation  of  ,018.  He  must  judge  from  accompanying  con¬ 
ditions  whether  the  thirty  inch  isobar  "fits"  the  analysis  if  drawn 
thru  these  stations,  and  if  not,  he  presents  a  more  accurate  pict¬ 
ure  of  the  conditions  if  he  draws  the  isobar  in  accordance  with  the 
probable  structure,  passing  ^  (not  thru )  any  or  all  of  the  stations 
reporting  3Co00,  providing  the  distance  of  the  isobar  from  any  sta¬ 
tion  so  reporting  does  not  exceed  the  limits,  plus  or  minus  oCOS, 
This  illustrates  the  principles  which  are  applied  also  to  clouds, 
active  rain  and  other  elements  in  arriving  at  a  logical  explanation 
of  the  weather, 

103,  Formations  which  are  structurally  impossible  are  elimin¬ 
ated,  Such  formations,  overlooked  by  some  institutes,  may  have  led 
to  incorrect  forecasts,  especially  for  detailed  forecasts.  For 
example,  a  sharp  acute  angle  in  crowded  anticyclonic  isobars  (ioe, 
vertex  of  angle  away  from  "high"),  or  rounded  isobars  thru  a  sharp 
front,  or  a  simple  loop  occlusion  bent  clockwise  to  a  position 
close  to  the  "parent"  warm  front  are  structurally  illogical.  The 
emphasis  placed  by  the  Bergen  school  on  correction  of  such  errors 
is  not  academic  only.  If  the  analysis  is  to  serve  as  the  basis 
for  a  detailed  forecast,  it  "must  be  dynamically  and  kinematically 
logical" . 

104,  Conditions  which  may  lead  to  the  formations  shown  in  sub¬ 
sequent  illustrations  are  pictured  simply  in  figures  1  to  10,  dia¬ 
grams  of  a  v/ave  disturbance  which  develops  into  an  ideal  cyclone. 
Isobars  and  weather  reports  typify  the  pressure  fields  and  weather 
distributions  often  observed  during  development  of  such  a  cyclone 
over  the  ocean.  The  loop  occlusion  (Bjerknes  "bent  back  occlu¬ 
sion")  beginning  with  figure  5  Y/as  not  recognized  in  the  original 
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polar  front  ideas  of  cyclone  structure.  Discovered  thru  detailed 
studies  of  cyclones  in  recent  years,  it  is  now  an  important  con¬ 
cept  in  the  map  analysis  of  the  horY/egian  school.  A  fev/  other 
institutes  nov;  use  the  loop  occlusion  in  their  analysis,  but  compar¬ 
ison  shOY/s  that  with  few  exceptions  iOogo  Prague,  Breslau)  the  usage 
elsewhere  does  not  conform  to  the  principles  found  in  the  studies 
thru  Y/hich  such  occlusions  were  discovered,  formations  resembling 
these  in  figures  5  and  8  follow  oec3.usion  when  the  cyclone  center 
moves  toward  the  Y/arm  sector  thereby  placing  the  outer  end  of  the 
occlusion  in  the  easterly  v;ind  which  reverses  the  original  move¬ 
ment  of  translation  and  bends  the  occlusion  back  counterclockwise 
behind  the  cold  front.  The  form  and  position  of  such  a  loop  oc¬ 
clusion  depends  largely  on  the  v/ind  field.  Disregard  of  the  limits 
imposed  by  this  field  are  a  source  of  frequent  errors. 

105 o  Figures  7  and  8  show  a  new  loop  occlusion  formed  by  a 
second  bending  back  of  the  end  of  the  occlusion  thiu  the  cyclone 
center.  Under  favorable  circumstances  several  such  loop  occlusions 
may  be  formed.  The  conditions  accompanying  them  resemble  the  con¬ 
ditions  of  secondary  cold  fronts.  The  loop  occlusion  however  usu¬ 
ally  ends  some  distance  from  the  center  of  the  cyclone  instead  of 
continuing  indefinitely  as  the  general  boundary  of  a  new  cold  mass 
as  does  a  true  secondary  cold  front.  The  loop  occlusions  occurs 
much  FiOre  frequently  than  the  secondary  cold  front.  It  may  be  noted 
that  this  occlusion  is  actually  a  loop  of  the  original  occlusion  in 
the  center  of  the  cyclone  and  that  it  is  doubled  gradually  closer 
to  the  original  occlusion  until  for  practical  purposes  the  tv/o  coin¬ 
cide  within  the  center  in  the  form  in  Y/hich  they  are  usually  dia¬ 
grammed  in  the  analysis. 

106.  The  ’’eye”  of  the  loop  was  formerly  mxistaken  for  a  seclu¬ 
sion.  The  latter  is  now  believed  to  occur  rarely  except  v/hen  moun¬ 
tains  bar  the  path  of  a  current.  The  outer  end  of  a  loop  occlusion 
usually  lags  behind  the  portion  nearer  the  cyclone  center  (not  ^ 
the  center),  a  fact  which  applies  to  fronts  in  general. 

107.  Figure  8  shows  the  original  occlusion  follov/ed  by  tv/o 
loop  occlusions.  Formerly  these  v/ould  have  been  incorrectly  called 
secondary  cold  fronts.  Figures  9  and  10  show  the  cloud  and  rain 
systems  Y/hich  are  typical  of  the  fronts  shown  in  figures  6  and  8. 
These  system.s  are  in  turn  ''symptoms'*  which  aid  in  recognizing  these 
front  formations.  The  loop  occlusion  is  complicated  by  processes 
other  than  the  simple  looping  diagramimed  here.  Its  developm.eh t 

and  behavior  apparently  depend  somewhat  upon  the  influence  of  an 
upper  wave  phenomenon  associated  with  Y/ell  defined  fronts.  For 
practical  purposes  however,  the  loop  occlusion  usually  behaves  in 
the  manner  illustrated.  The  approach  of  a  second  occlusion  may 
cause  the  first  to  diminish  rapidly  in  intensity,  as  does  any  change 
in  field  which  attenuates  the  front  and  reduces  the  "upglide"  move¬ 
ment  . 
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108.  A  very  large  cyclone  tends  to  becorrie  stationary 
oecMsion..  With  its  prominent  fronts  removed  and  only  the  cold 
m^ss  remaining  in  the  lo?;@r  laye:^?^,,  the  isobars  and  vdnd  circu¬ 
lation  become  "circular”.  With  n®  laovement  of  the  center,  the 
foriftation  of  nev/  loop  occlusions  1®  less  probable,  although  not 
iEipossible  as  may  appear  on  first  consideration,  (llie  upper  7/ave 
phenomenon  referred  to  may  give  such  occlusions  in  stationary  as 
well  as  moving  cyclones).  Figure  11  (eleven)  shows  a  common  ar¬ 
rangement  of  fronts  in  a  large  stationary  occluded  cyclone  without 
a  loop  occlusion.  Figure  12  shows  a  cyclone  which  has  moved  rapid¬ 
ly  ^ss  not  been  occluded  long  enough  to  become  stationary.  The 
Original  occlusion  and  two  loop  occlusions  are  shown.  It  is  coirimon 
observation  that  these  occlusions  occur  much  more  frequently  with 
moving  cyclones  than  v;ith  stationary  ones.  Figure  IS  shows  a  fast 
moving  cyclone  in  which  the  lowest  pressure  has  remained  near  the 
ape-x  oT  the  warm  sector.  Figures  11  and  12  in  v/hich  the  warm 
sector  is  too  far  south  to  be  included  in  the  figures  are  examples. 
Sometimes,  however,  the  center  moves  rapidly  southeastward  and 
resins  near  the  warm  sector  as  shown  in  example  IS.  The  straight 
isotsrs  shovm  here  are  characteristic  of  the  warm  sector.  Figure 

14  represents  a  development  similar  to  figure  IS  but  more  advanced. 
The  weather  reports  shorn  therein  are  typical  of  the  "sectors”  in 
whie^  they  are  shown. 

109.  \7hen  the  cold  front  is  "quasistationary”  in  a  situation 
somewhat  like  figure  14,  conditions  are  often  favorable  for  form¬ 
ation  ©f  a  wave  on  the  front.  The  wave  moves  tov/ard  the  center  of 
the  cyclone  and  may  cause  a  retrograde  movement  of  the  front,  there 
by  widening  the  warm  sector  and  giving  new  "life"  to  the  cyclone. 
The  wave  rn^ay  develop  sufficiently  to  form  its  own  loop  occlusion 
and  result  in  a  complex  structure  at  it  neai's  the  apex  of  the  warm 
see  tor . 


110.  Figure  15  represents  an  occasional  subsequent  stage  of 
occluded  cyclones  in  v/hich  the  low  center  deepens  and  moves  toward 
the  original  warmx  sector  or  its  occlusion  so  as  to  bririg  the  isobars 
parallel  to  what  remains  of  the  original  front,  A-B.  Such  a  front 
parallel  to  the  isobars  is  difficult  to  discover.  Since  its  system 
of  clouds  and  precipitation  my  continue  for  a  day  or  two,  its  re¬ 
cognition  may  be  important  in  the  forecast.  The  v/ind  circulation 
sometimes  causes  attenuation  on  the  front  until  it  becomes  practi¬ 
cally  separated  and  there  remains  no  connection  with  its  "parent" 
v/arm  and  cold  fronts.  Figure  16  represents  another  case  of  front 
parallel  to  the  isobars,  A-B.  It  illustrates  how  such  a  front  with 
a  nar^’ow  band  of  precipitation  may  give  rain  of  unexpectedly  long 
duration  and  heavy  amounts  at  stations  along  the  strip  A-B,  as 
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the  front  moves  lengthv.'ise  northeastward.  Such  a  front  is  usually 
identified  through  knowledge  of  its  previous  existence  (historical 
sequence)  and  through  the  zone  of  frontal  cloud  forms  and  precipi¬ 
tation  accompanying  it.  Also  if  wind  reports  to  thirty  two  points 
are  available,  the  front  location  is  often  narked  by  a  slight  con¬ 
vergence  in  surface  winds. 

111.  The  principle  that  movement  of  a  front  can  be  estimated 
from  the  component  of  the  gradient  v;ind  (cold  mass)  perpendicular 
to  the  front  is  well  known,  but  since  this  principle  is  often  over¬ 
looked  in  published  analysis  of  fronts,  illustrations  are  given 
here.  Its  importance  is  shown  by  the  fact  that  many  of  the  diffi¬ 
culties  in  frontal  analysis  are  the  result  of  inattention  to  this 
principle.  Figures  17  and  18  have  the  wind  components  indicated  at 
certain  points  to  illustiate  the  probable  movement  of  the  front. 

The  dashed  lines  represent  the  gradient  wind  in  the  cold  miass  at  a 
point  close  to  the  front.  The  full  lines  show  the  component  per¬ 
pendicular  to  the  front.  Both  gradient  velocity  and  direction  are 
taken  into  account.  At  points  A,  B,  and  D,  the  vvind  direction  is 
almost  perpendicular  to  the  front  and  the  velocity  is  fresh.  The 
movement  of  the  front  is  therefore  large.  At  C,  E,  F,  G,  and  H, 

the  direction  is  far  from  perpendicular,  and  in  some  cases  is  almost 
parallel  to  the  front.  Front  miovement  is  therefore  slight,  espec¬ 
ially  where  velocities  are  small.  Similar  cases  are  often  found 
over  southeastern  United  States.  A  front  may  lie  thus  for  several 
days  with  or.ly  a  few  m.iles  miOvement  daily.  It  may  be  incorrectly 
moved  off  the  m.ap  in  the  analysis.  Later,  when  reinforced  by  a 
change  in  wind  and  pressure  fields,  rein  m.ay  develop,  the  source  of 
v/hich  is  thus  lost.  Point  "J"  shows  a  place  where  the  front  is 
quite  parallel  to  the  isobars  and  therefore  has  no  appreciable 
broadside  movement.  It  may  remain  inactive  in  such  a  position  for 
days,  and  later  become  important  in  the  forecast. 

112.  Fronts  which  pass  a  region,  become  stationary  and  then 
return,  reinforced,  as  result  of  a  wave  disturbance  or  a  general 
change  in  the  pressure  field  are  a  source  of  "surprise”  bad  weather  . 
This  occurs  most  frequently  v/hen  an  occluded  front  is  m.oved  to  the 
western  edge  of  the  tropical  high  pressure  areas.  It  also  occurs 
when  a  front  stagnates  in  a  position  parallel  to  the  isobars  es¬ 
pecially  with  anticyclonic  isobars  on  its  opposite  sides  (i.e. 
opposite  winds).  Figures  19  to  22  illustrate  this.  I'igure  19 

shows  an  occluded  front  mioving  eastward,  the  "parent”  warm  and  cola 
fronts  to  the  south.  Its  moving  is  slow  because  the  v/inds  on  its 
opposite  sides  are  almost  parallel  as  shown  by  isobars.  I'lgure  20 
shows  the  front  at  a  later  stage  when  its  lov/er  part  has  become 
stationary  for  the  reasons  stated.  This  sketch  covei-s  a  region 
farther  south  than  the  preceding  sketch  19,  and  the  apex  of  the 
wann  sector  is  again  shown.  The  isobar,  30.1,  indicates  that  the 
southerly  warm  current  continues  to  ascend  over  the  colder  v/edge 
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of  the  occlusion  north  ©f  the  vmvm  sector  and  that  formation  of 
clouds  and  perhaps  precifitetion  along  the  front  is  still  going  on. 
The  forecast  must  take  this  Into  ao©Ottnt  because  in  vicinity  "A", 
figo20,  where  the  front  Is  stationery*  the  clouds  and  rain  may  con¬ 
tinue  for  many  hours  while  areas  short  distances  on  either  side 
have  clear  weather. 

113.  In  figure  21  the  gradient  over  the  lower  portion  of  the 
front  has  reversed  direction  as  shown  by  the  isobars  end  the  arrows 
denoting  the  gradient  winds  from  a  outherly  direction.  The  front 
has  started  to  move  back.  Over  the  northern  half  the  front  is 
stationary.  At  this  stage  clouds  and  procipi te tion  previously  oc¬ 
curring  along  the  front  may  have  disappeared  altho  it  is  usual  for  e 
narrow  strip  of  t:/pical  occlusion  clouds  to  remain  along  the  front. 
If,  as  is  probable,  the  southerly  curient  on  the  right  side  of  the 
front  is  a  warm  air  mass,  the  occlusion  along  portion  A-B  where 
movement  northward  has  begun,  quickly  takes  on  the  character  of  a 
warm  front.  The  altostratus  cloud  sheet  extends  rapidly  and  rain 
sets  in,  usually  aided  by  development  or  approach  of  a  wave  disturb¬ 
ance  along  the  front  as  shovm  in  figure  22.  Such  a  disturbance, 
forming  on  some  stationary  part  of  the  front,  where  the  wind  discon¬ 
tinuity  is  suitable  would,  in  the  case  shown,  move  northward.  Its 
approach  affects  the  wind  and  pressure  fields  so  as  to  further 
develop  the  warm  front  sti'ucture  end,  in  its  "rear"  (actually  the 
forv;ard  surface  of  the  cold  mass  wave)  changes  the  front  into  an 
active  cold  front.  The  wave  may  continue  along  the  front  as  a  true 
v/ave,  the  front  behind  it  settling  back  into  its  former  position  in 
conformity  v/ith  the  general  pressure  field  until  a  nev;  v/ave  comes 
along.  Often,  however,  wind  and  temperature  fields  are  favorable 
for  development  into  the  ideal  moving  cyclone.  In  any  case,  it  is 
plain  that  the  movement  of  the  front  results  in  bad  weather  (clouds 
and  rain)  over  an  area  northward  or  v/estward  of  it,  that  is,  over 

an  area  which  the  front  had  left  behind  on  its  eastward  movement 
several  hours  or  days  before,  end  where  the  weather  had  cleared.  It 
is  also  plain  that  in  the  recognition  of  such  developments  lies  Ihe 
differences  betv/een  an  incorrect  forecast  of  clear  weather,  and  a 
correct  forecast  of  rainy  weather  for  the  region  effected.  Some¬ 
times  this  region  is  very  broad.  (For  examples  -  see  U.S.  Weather 
L’aps  January  7  to  0,  1932). 

114,  As  indicated  above,  changes  in  the  general  pressure  field 
due  for  exam.ple  to  development  or  arrival  of  a  new  cyclone  over  adja¬ 
cent  regions  or  to  pressure  changes  originating  in  the  substratos¬ 
phere,  etc.,  often  change  the  gradient  and  modify  the  character  of 
fronts.  A  cold  front  may  thereby  have  its  direction  of  movement  re¬ 
versed  and  become  a  wami  front.  An  inactive  front  may  be  reinforced, 
and  vice  versa.  Figures  23  and  24  illustrate  two  cases  v;hich  are  some 
what  unusual  and  confusing  as  to  front  movement.  In  23,  front  A-C  whi 
ch  has  been  a  cold  front  is  now  under  influence  of  the  gradient  ac- 
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companying  the  occludecl  low  from  the  northwest.  In  its  lower 
portion,  it  is  moving  northward  as  a  v/arm  front.  The  warm  front 
is  still  acting  normally.  Thus  the  "warm  sector"  has  "two  warn 
fronts".  This  gives  in  effect  a  widening  warm  sector,  an  infre¬ 
quent  development,  ’ilhen  the  warm  sector  v/idens  it  is  usually, 
as  here,  in  a  "stationary"  cyclone,  and  rarely  in  a  moving  cy¬ 
clone  o 


115.  Figure  24  illustrates  the  opposite  situation  -  a  warm 
sector,  wuth  cold  fronts  on  tw’o  sides.  A-C  is  the  common  cold 
front.  The  HIGH  on  the  left  has  increased.  Ihe  easterly  winds 
from  it  are  "being  accelerated,  (blov/ing  across  isobars),  the  pres¬ 
sure  and  wind  not  yet  having  reached  a  balanced  condition.  The 
front  A-B  is  therefore  moving  w'estw'ard  as  a  cold  front.  This  move¬ 
ment  is  apparentl^r  against  the  gradient.  In  such  cases,  the  front 
usually  moves  unexpectedly.  This  behavior  is  infrequent,  and  can 
usually  be  recognized  by  the  very  decided  fall  in  temperature  and 
great  rise  in  pressure  (three  hour  tendencies)  on  the  cold  side  of 
the  front . 

lie.  when  a  weak  cyclone  has  a  large  movement  of  translation 
due  to  general  circulation,  a  portion  of  a  front  which  appears 
froDi  the  surface  gradient  to  be  a  warm  front  may  be  acting  as  a 
cold  front.  The  portion  marked  "A",  figure  25  is  an  example.  The 
cyclonic  circulation  carries  the  front  to  the  left  but  the  entire 
system  is  moving  rapidly  to  the  right,  giving  the  front  an  actual 
movement  to  the  right  despite  the  local  gradient,  Such  a  case  can 
usually  be  recognized  in  the  large  pressure  tendencies  and  "accel¬ 
erated"  v/inds  on  the  cold  side. 

117.  Rapia  increase  in  a  cyclonic  circulation  greatly  miodifies 
the  surrounding  gradient  and  therefore  the  m.ovement  of  nearby  fi'orits. 
Foi-  example  in  figure  26  the  occluded  front  A-B  moves  rapidly  north¬ 
eastward  if  there  is  no  change  in  the  pressure  field.  Its  influence 
in  the  weather  at  X  v;ill  be  considered  in  the  forecast.  V/ith  rapid 
development  of  the  wave  to  the  south,  the  resulting  cyclonic  gradi¬ 
ent  in  region  G  is  reversed  and  the  southern  portion  of  the  front  A- 
B  retarded  so  that  it  takes  a  position  something  like  C-D.  The  front 
not  only  fails  tc  reach  X  but  the  divergence  and  subsidence  in  this 
region  between  the  tv;o  cyclonic  systems  probably  will  give  fine 
w’eather  in  region  "X".  (The  pressure  field  in  figure  26  illustrates 
conditions  for  front  position  A-B,  and  not  conditions  after  devel¬ 
opment  of  the  wave  which  results  in  subsequent  position  C-D) , 

118,  An  old  front  which  has  become  "stationary"  and  inactive 
often  resumes  im.portance  in  the  r.anner  illustrated  in  figures  27  to 
29.  The  success  of  the  Bergen  school  in  forecasting  rapid  changes 
in  weather  on  the  basis  of  very  few  ocean  reports  is  cue  in  part  to 
the  attention  given  to  probable  behavior  of  such  fronts.  Figure  27 
illustrates  a  comrr.on  distribution  with  tw'O  old  occluded  fronts  left 
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behind  by  cyclones  which  had  pa off  the  map.  The  fronts  are 
approximately  parallel  and  quasi-stationary .  hith  suitable  differ¬ 
ences  in  wind  velocity  and  on  the  opposite  sides  of  such  front,  a 
wave  is  libely  to  develop  as  at  figure  27,  If  development 

continues  as  in  figure  28,  the  northward  component  of  the  gradient 
in  front  of  the  wave  A,  and  the  southward  component  behind  it  tend 
to  distort  the  field  around  region  "B”  and  set  up  a  system  on  the 
northern  front  homologous  to  that  around  ”A" .  This  forms  a  wave 
on  "B”  o  The  tv/o  systems  may  devQs3.'Qp  together  and  the  resulting 
structure  become  difficult  to  recognize  unless  traced  from  the  be¬ 
ginning.  In  regions  of  sparse  reports,  the  pressure  tendencies, 
clouds  and  rain  resemble  those  for  a  single  north-south  occluded 
front  and  thru  A-B,  The  single  occluded  front  would  call  for  a 
forecast  of  wind  and  weather  different  from  that  required  in  case 
of  tv;o  waves  at  stages  subsequent  to  illustration,  fig.  28.  This 
subject  has  been  amplified  by  To  Bergeron,  reference  _ _ 

119.  Pressure  field  usually  reveals  whether  winds  are  suitable 
for  wave  formation.  Obviously,  certain  conditions  such  as  divergence 
of  the  wind  currents  on  opposite  sides  of  the  front  are  favorable. 
Divergence  may  be  shov;n  by  wind  observations  or  by  the  existence 

of  two  distinct  katallobars. 

120.  Pigure  29  illustrates  a  different  kind  of  development 
Yjhich  takes  place  in  connection  with  two  "old"  fronts  when  general 
distribution  is  favorable.  It  may  be  regarded  as  a  development 
farther  to  the  west  along  the  two  fronts  in  figure  28.  V.hen  a  well 
defined  cyclone  is  formed  on  the  more  southern  front,  its  wand 
system  renews  the  "upglide"  motion  on  the  frontal  surface  of  the 
northern  front  and  a  wade  spread  warm  front  system  develops.  The 
result  of  it  is  an  apparent  rapid  extension  of  warm  front  clouds  and 
rain,  perha'''''E "^several  hundred  miles  in  advance  of  A,  figure  29.  This 
structure  may  be  recognized  at  its  start  by  the  rainless  zone  be¬ 
tween  the  two  fronts.  Sometimes  the  zone  Just  south  of  the  northern 
front  is  cloudless  for  a  time.  If  the  cloud  and  rain  areas  of  the 
tw^o  fronts  have  already  merged,  the  "double  front"  structure  is 
often  shown  by  a  zone  of  lighter  rain  betv;een  the  tw'O  areas  of 
heaviest  rain  as  illustrated  at  B  in  the  vertical  section  thru  the 
fronts,  inset,  figure  29.  Double  fronts  like  these  are  the  usual 
cause  Of  very  wide  rain  areas.  Occasionally  there  are  three  fronts 
in  such  areas.  Knowledge  in  the  position  of  old  fronts  in  a  region 
ahead  of  a  cyclone  is  thus  of  direct  use  in  forecasting  development 
of  the  rain  area.  A  front  which  has  been  diffuse  and  inactive  for 
several  days  with  no  cloud  reports,  etc.,  to  identify  it  is  still  a 
zone  favorable  for  "upglide"  motion  and  rapid  formation  of  clouas 
and  rain  if  wind  and  pressure  fields  again  become  favorable.  In¬ 
active  fronts  such  as  this  can  usually  be  located  on  the  map  as 
long  as  necessary  ’03"  use  of  principles  outlined  in  paragraphs  on 
front  identification  and  location  (gradient  movement,  especially). 
(See  IJ.S.I.'Iap,  Dec.  8-9,  1921 


lEl .  Y/Tien  a  rain  area  beco-mes  farther  separated  from  its 
occluded  front  from  map  to  mapj  there  is  usually  an  upper  front. 

Thte  upper  front  advances  as  th®  telescoping  movement  of  the  tv/o 
fronts  (former  warm  and  cold  fronts)  continue.  Figures  30  and  31 
illustrate  this  formation  in  the  case  when  the  air  following  the 
cold  front  is  not  as  cold  as  the.  air  preceding  the  warm  front. 

These  stages  (figs  30  &  31)  may  be  considered  to  follov;  the  oc¬ 
clusion  stage  illustrated  in  figure  14  (disregarding  for  this  pur¬ 
pose  the  temperature  distribution  in  that  figure)  .  Thus,  if  the 
'’cold”  front  air  mass  continues  ascent  on  the  warm  front  surface, 
tH'e*’"cold  front,  nov/  an  upper'"front', '  advances  ahead  of  the  v/arm 
front.  If  conditions  are  such  that  ascent  ceases  over  the  former 
cold  front  surface,  the  rain  area  may  be  bounded  by  the  upper 
front  as  in  figures  30  and  31.  (See  vertical  section,  inset 
figo  31).  Y.hen  the  upper  front  is  significant,  as  here,  its  posi¬ 
tion  is  shov/n  by  dashed  lines  on  the  map  coinciding  with  its  pro¬ 
jection  on  the  ground.  If  the  occlusion  is  of  the  cold  front  type 
(colder  air  in  rear),  the  upper  front  obviously  falls  behind  the 
surface  occlusion  as  the  foiner  warm  front  ascends  on  the  cold 
front  surface.  The  rain  may  then  be  entirely  in  the  rear  of  the 
upper  front.  The  passage  of  an  upper  front  can  often  be  discovered 
in  the  barometer  tendencies.  The  characteristics  are  similar  to 
those  for  any  front,  but  usually  less  distinct.  The  hergen  school 
is  very  successful  in  identifying  passage  of  expected  upper  fronts 
in  the  behavior  of  the  local  barograph  trace,  in  this  way  often 
verifying  the  front  structure  found  on  the  map. 

122.  Figure  32  illustrates  a  situation  favorable  for  increase 
in  sharpness  of  a  front.  Host  of  the  cases  of  true  f rontogenesis 
observed  on  the  W'eather  map  are  in  such  situations.  The  wind  dis¬ 
tribution  is  favorable  for  ’’stretching”  of  the  frontal  zone  length¬ 
wise,  thereby  making  it  narro?/er  and  the  temperature  discontinuity 
sharper,  Tl'.e  wind  is  also  favorable  for  bringing  air  from  a  colder 
source  into  a  position  close  to  air  from  a  \7armer  source,  further 
sharpening  the  discontinuity,  or  tending  to  build  up  a  discontinuity 
( f rontogenesis )  if  none  existed  before.  (See  U.S.  Hap,  Jan.  3-4,1931). 
To  be  effective  such  a  "neutral  zone”  must  be  stationary  or  almost 
so.  Conversely,  in  1‘igure  33,  a  front  lies  in  a  region  of  diverging 
winds  v/here  the  frontal  zone  would  tend  to  become  wider  and  the  front 
diffuses.  I'he  relation  of  these  formations  to  the  v/ell  known  "saddle” 
and  wedge  is  apparent.  In  general  it  is  useful  in  determining  the 
possible  sharpening  of  one  or  the  other  of  two  nearby  fronts  to  con¬ 
sider  v/hich  has  a  pressure  field  favorable  for  narrowing  of  the 
frontal  zone.  For  example,  if  one  front  does  shovi  convergence  of  the 
opposite  sides,  say  SV/  vs,  NW  v/inds,  while  the  other  shows  no  tend¬ 
ency  to  v/ind  contrast,  perhaps  southv/est  winds  are  on  both  sides, 
the  latter  usuall^r  loses  importance. 
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IZZ  o  A  fcv!  exarr.pleE  of  pressure  fields  modified  by  mountain 
ranCGs  are  shov/n  in  figures  Z4=  to  27.  (These  features  are  in¬ 
cluded  here  because  their  importance  is  overlooked  in  many  pub¬ 
lished  analysis)  .  Such  features  are  shown  as  accurately  as  practi¬ 
cable  in  order  to  assist  the  forecaster  ih  quickly  recognizing 
whether  reports  are  representative  or  have  been  modified  decidedly 
by  mountains;  also  to  assist  him  in  recognizing  probable  effect 
of  mountains  on  movement  and  character  of  fronts.  Relatively 
slight  slopes  cause  more  important  changes  in  ¥7eather  elements,  a 
fact  which  enters  into  interpretation  of  temperature,  pressure, 
wind,  clouds  and  rain  (form  and  amount).  Figure  24  illustrates  a 
mountain  range  acting  as  a  barrier  to  a  cold  air  mass  which  has 
moved  southwestward  along  tlie  east  side  of  the  range.  The  break  in 
the  isobars  where  the  mountains  have  interrupted  the  flow  of  air  is 
shown  by  the  zig=zag  lines.  Obviously,  pressure  west  of  the  moun¬ 
tains  is  lower  because  of  the  m.ountain  barriers.  The  wind  is  de¬ 
flected  from  northeast  to  northnortheast ,  The  usual  balance  be- 
tw'een  the  pressure  .gradient  and  earth’s  deflection  "force”,  etc., 
is  interrupted  by  the  mountains  aixU  the  v;ind  blows  across  the  iso¬ 
bars  (is  accelerated).  If  a  fi'ont  exists  in  such  a  pressure  field, 
it  is  moved  rapidly  southw;ard  with  the  air  mass  along  the  eastern 
edge  of  the  m^ountains. 

124o  If  a  cold  mass  is  sufficiently  deep  that  its  cold  front 
is  pushed  across  a  mountain  range,  there  may  be  considerable  over 
running  of  the  "cold"  mass  before  it  penetrates  to  the  surface  (due 
to  foehn  heating,  etc,).  Surface  winds  may  therefore  remain  repre¬ 
sentative  of  the  v;arm  mass  for  some  time  after  the  front  has  passed 
aloft.  Several  factors  complicate  such  a.  situation,  one  being  the 
effect  of  the  mountains  in  causing  an  upper  wave  as  mentioned  else¬ 
where.  The  result  is  that  a  cold  front  although  retarded  in  getting 
across  the  range  tends  to  advance  very  rapidly  after  it  gets  across 
until  it  overtalv'es  its  old  trough.  Again,  the  blocking  of  a  cold 
front  by  a  mountain  range  may  allow  a  warm  front  in  the  lee  of  the 
mountains  to  remain  stationary  for  a  long  period,  until  a  cold  front 
eventually  arrives  and  forces  it  to  move.  The  effect  of  high  head¬ 
lands  on  winds  is  v/ell  known  but  easily  overlooked  in  the  forecast 
unless  topography  and  resulting  true  isobars  aro  plainly  shown.  The 
"corner  effect"  of  a  high  cape  in  causing  gale  winds  with  the  gen¬ 
eral  gradient  only  "moderate  to  fresh"  is  especially  noteworthy?"  in 
stable  air  masses  (warm) .  A  cape  or  mountain  may  also  cause  suffi¬ 
cient  divergence  in  v/inds  from  some  directions  to  give  subsidence 
in  higher  layers  and  local  clearing  of  the  clouds.  These  important 
facts  are  brought  to  attention  at  once  when  the  topography  and  the 
modified  pressure  field  are  show/n  on  the  map. 

125.  Figure  25  shows  diagrammatically  a  vertical  section  thru 
an  air  mass  held  back  by  a  mountain  range.  The  lines  represent  the 
intersections  betv;een  a  vertical  plane  and  the  isobaric  surfaces. 
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126.  I’igure  Z&  shov/E  an  example  of  mountain  effect  in  south¬ 
eastern  United  States.  (UeCo  31,  1931  -  0800).  7/eather  Bureau 
stations  nearest  the  mountains  reported  fresh  northeast  i^inds  v/hile 
the  pressure  gradient  called  for  east  and  southeast  winds »  The  ex¬ 
istence  of  the  gradient  is  verified  by  the  pilot  balloon  observat¬ 
ions  at  two  of  these  stations  which  show  fresh  southeast  winds  at 
eight  hundred  meters  altitude  (see  arrows  near  Atlanta  and  Greens¬ 
boro).  At  Atlanta  5  vJhere  the  mountains  to  the  v/estward  are  mostly 
less  than  lODO  feet  high,  the  surface  winds  agrees  more  closely  with 
the  gradient.  The  weather  on  this  date  also  showed  the  effect  of  the 
mountains,  a  zone  in  the  lee  of  the  highest  mountains  reporting 
considerably  less  rain  in  amount  and  duration.  A  down  slope  wind 
with  descending  component  of  only  thirty  feet  per  mile  reduces  the 
upgliding  motion  in  many  warm  fronts  sufficiently  to  stop  the  for¬ 
mation  of  rhin  without  regard  to  further  effect  of  heating  in  the 
lower  layers  and  evaporation  of  falling  rain  drops.  (See  U.S.  Map 
12/31/1951  showing  interruption  of  the  rain  area  (Lexington,  Nash¬ 
ville,  Springfield)  in  lee  of  mountains). 

127.  Another  foehn  effect  which  enters  into  interpretation  of 
reports  is  the  selective  evaporation  of  rain  drops.  The  smaller 
drops  evaporate  but  the  larger  drops  reach  the  ground,  thus  giving 
alto-stratus  rain  the  appearance  of  light  shov/ers . 

128.  Obviously,  topographical  influences  like  these  must  be 
taken  into  accouwt  to  avoid  erroneous  conclusions  as  to  location 
and  character  of  fronts.  There  are  numerous  stations  where  topo¬ 
graphy  or  nearby  buildings  etc  .  ,  materially  modify  true  represent¬ 
ative  conditions.  A  contour  map  quickly  shows  why  winds  reported 
from  Scranton,  Ft.  Smith  (Arkansas),  Cheyenne,  and  many  of  the  Paci¬ 
fic  and  Pockj^  mountains  stations  are  often  misleading. 

129.  The  probably  of  errors  in  barometer  reports  from  mountain 
stations  as  result  of  temperature  factor  in  reduction  to  sea  level 
is  kept  in  mind  w'ith  anal3’'sis.  Figure  57  illustrates  the  well  known 
foehn  effect  wTiich  comes  in  for  due  consideration  during  analysis. 
Lows  such  as  this  which  often  appear  on  the  lee  of  mountain  ranges 
are  significant  chief I3"  as  a  freouent  source  of  incorrect  analysis. 
They  often  lead  to  wrong  conclusions  as  to  the  origin  of  a  c^/clone 
and  the  movements  of  fronts.  The  local  wind  distribution  accompany¬ 
ing  a  fdehn  low’  is  mistaken  as  evidence  that  a  front  lies  there. 

The  probable  error  is  to  mistake  a  foehn  low  for  an  active  moving 
cyclone.  The  winds  v;hich  give  rise  to  the  foehn  often  occur  with 

an  approaching  depression.  If  the  foehn  low  is  mistaken  for  the 
true  travelling  c^rclone,  the  forecast  relating  thereto  is  based  on 
a  fictitious  movement  and  structure  and  therefore  is  incorrect.  It 
is  interesting  to  note  that  the  influence  of  such  a  forecast  is  not 
limited  to  continental  areas,  but  often  applies  to  coastal  and 
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ocean  areas  a  considerable  distance  from  mountains.  For  example, 
a  forecast  for  the  Atlantic  Coast  sometimes  depends  upon  analysis 
of  a  low  in  the  lee  of  the  Appalachians  “  v/hether  a  foehn  low,  or 
a  new  and  rapidly  developing  secondary  cyclone.  Usually  it  is 
possible  to  distinguish  between  the  tv/o  by  a  study  of  topography 
and  accompanying  weather,  winds  and  temperature,  including  temp¬ 
erature  changes  o  These  elements  shov/  v/hether  foehn  effect  is 
probable  in  the  given  case.  Lenticular  clouds,  local  clearing, 
and  unusual  temperature  rise  confirm  foehn  conditions. 

ISO.  A  foehn  low  does  not  necessarily  remain  only  a  lee  effect 
if  temperature  field  and  other  conditions  are  favorable  it  develops 
into  a  true  moving  cyclone  with  fronts.  The  probability  of  such 
development  is  usually  indicated  in  the  attending  distribution  of 
v/eather  elements.  Development  is  comparatively  slow.  Numerous 
other  features  aid  in  recognizing  individual  cases  ( Brooks  ,I'vXR- 
1922).  In  the  infrequent  cases  v/hen  "present"  indications  are 
inconclusive 3  definite  decision  is  usually  (not  always)  possible 
on  subsequent  maps. 

131.  At  sea  where  weather  reports  are  scarce,  the  analysis  is 
used  to  reveal  details  of  the  structure  which  are  often  lost  when 
the  cyclone  is  drawn  w’ith  more  or  less  circular  isobars.  Figures 

38  and  39  in  v/hich  the  v/eather  reports  are  identical,  illustrate 
this.  (Note  its  forecasting  importance).  Figure  38  shows  isobars 
drawn  from  pressure  reports  v/ithcut  reference  to  probable  frontal 
structure,  indications,  of  which  are  found  in  wind  and  pressure  fi¬ 
elds,  and  v/eather.  Ae  is  often  the  case  with  ocean  maps  drawn  in 
this  manner,  some  of  the  winds  appear  to  blov/  against  the  gradient 
(e.go  the  29ob  report,  and  the  29.42  farther  to  the  left).  Ihe  wind 
velocities  do  not  fit  the  gradient.  The  rain  appears  scattered 
without  regular  patterns  There  seems  to  be  small  basis  upon  which 
to  forecast  in  detail  the- character  and  duration  of  rain.  Figure 

39  shows  the  same  cyclone  with  fronts  and  isobars  drawn  to  fit  the 
wind,  pressure  and  weather  distribution.  The  guiding  principle 

is  that  winds  and  pressure  gradient  soon  reach  a  "balanced"  state. 

In  general,  this  state  probably  exists  in  the  well  developed  storm 
shown  here.  Since  the  reports  give  vessel  observations  and  the 
winds  are  fresh  or  stronger,  they  can  be  taken  as  representative. 

It  ina^v  therefore  logically  be  assuined  that  winds  and  gradient  here 
reveal  the  structure  of  the  cyclone.  The  reports  fit  a  simple  type 
of  occlusion  v;ith  bent  back  end,  a  frequent  pattern  which  is  quickly 
recognized  in  such  a.wind_  and  pressure  field.  Briefly,  the  central 
29.36  v;ith  southwest^  wind  and  then  nearby  report  of  southeast  wind 
with  rain  (two  dots)  are  probably  separated  by  a  front.  Similarly, 
westnorthwest ,  29,50  should  lie  on  the  western  side  of  the  front. 
These  tv/o  rain  reports  which  apparently  in  the  sam.e  air  mass 
indicate  a  front  warm  surface.  Therefore  the  air  mass  east  of  the 
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front  is  the  colder.  ^'Jhile  evidence  is  not  conclusive  as  to  occluded 
front  structure  instead  of  \7arm  front  (lacking  inf orna tion  of  history, 
temperatures,  etc,),  the  wind  directions  and  decided  V-shape  in  the 
isobars  indicate  occlusiop  .rather  than  warm  front.  The  V-shape  can¬ 
not  be  questioned  if  wind- and  pressure  fields  are  drawn  to  fit  re¬ 
ports.  The  showers  (triangle  with  dot  above)  reported  with  pressure 
2f,60  and  the  repoift,''  partly  cloudy,  pressure  29,66  indicate  that 
front  has  passed.  The  shower  at  one  place  and  the  clearing  tendeiicy 
¥/ith  northwest  wirid.  further  confirm  the  occluded  structure.  The 
clearing  also  agrees  with  the  divergence,  and  probable  subsidence,  a- 
long  the  isobar  which  has  anticyclonic  curvature  in  this  region. 

Near  the  center,  the  report  29,42  with  signs  of  clearing  also  agrees 
with  the  anticyclonic  isobar  dra\7n  in  conformity  with  v/ind  and  press¬ 
ure,  a  structure  which  naturally  develops  in  this  portion  of  a  loop 
occlusion.  The  lighter  v/inds  here  fit  the  pressure  gradient  as  drawn. 
The  strong  northeast  winds  north  of  the  center,  the  north  wand  west 
of’  the  center  and  the  W'est  wind  southw'est  of  the  center  are  in  some 
degree  confirmatory  of  loop  occlusion,  A  crowding  of  the  isobafs  is 
to  be  expected.  The  increased  west  wind  is  common  at  the  tip  of  such 
an  occlusion,  Rain  as  reported  at  this  point  is  not  unusual,  although 
it  is  not  necessarily  proof  of  such  structure.  It  will  be  noticed 
that  Y/ind  velocities  as  v;oll  as  v/ind  directions  fit  the  isobars  as 
drawn  in  figure  39,  For  example  of  similar  cyclone  over  the  United 
States,  see  map  Dec,  31,  1931,  0800.  Note  clear  sky  at  Springfield, 
Ko,,  doubtless  due  in  part  to  foehn  from  the  Ozarks. 

132.  Other  illustrations  of  pressure  fields  indicating  the  posi¬ 
tion  of  fronts  vhen  reports  are  sparse  may  be  found  in  figures  5,  14 
and  40  in  which  improbable  curvature  of  isobars  would  result  if  fronts 
were  d ra wn  otherwise. 

133.  Figure  40  gives  an  illustration  of  som.e  of  the  principles 
bv^  v/hich  the  Bergen  school  identifies  fronts.  Beginning  in  the  lower- 
left  corner  of  the  figure,  the  dashed  lines  x  y  z  indicate  how  an 
isobar  might  be  faired  past  ...the-- given  pressure  readings.  Several 
elements  show  this  toybe  "incorrec t--'and  indicate  that  the  trough  and 
front  lie  betweerrythe  two  sta’tions.  The  ?/£!/  wind  and  barometer 
tendency  steady  t#en  falling  indicate  approach  of  a  '’trough"  and 
therefore  a  front.  Clear  sky  and  hazy,  air  temperature  70,  water- 
temperature  (60),  and  dev;  point  (65)  -are  not  inconsistent  v/ith  warmx 
sector  condit ions The  nearby  report  of  north  wind,  with  barometer 
falling  then  rising  indicates  passage  of  the  front.  The  tendency 
also  show^E  that  the  isobars  must  have  a  definite  "Vee".  The  one 
fourth  cloudy  sky,,  and  temperature  70  are  not  inconsistent  v/ith 
this,  considering  that  the  accompanying  isobar  must  have  anticy- 
clonis  curvaiur-e,  and  that  subsidence  and  lov/eied  humadity  are 
therefore  probable.  The  clouds  report  two  tenths,  lenticular  alto¬ 
cumulus,  the  drop  in  humidity  ( aew^  point  60),  and  visibility  VIII 
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(no  agree  v/ith  this  and  point  to  air  mass  different  from  that 

at  the  southern  station.  The  isobars  and  trough  as  drawn,  explain 
all  of  the  observed  v/eather  conditions.  No  other  general  form  T;ould 
explain  them.  The  s'emainder  of  the  reports  to  the  left  of  this  front 
and  close  to  it,  £tve  evidence  that  a  front  has  recently  passed. 

The  reports  show  barometer  tendencies  falling  then  rising,  precipi¬ 
tation  in  form  of  showers  and  cumuliform  clouds,  good  evidence  of 
a  nearby  front.  The  wind  and  temperature  I'eports  are  not  inconsist¬ 
ent  ?/ith  the  foregoing,  if  the  front  and  isobars  are  as  shown.  With 
these  more  or  less  confirmatory  elements  and  the  almost  conclusive 
evidence  of  a  coincident  i;©ne  of  a  falling  then  rising  pressure, 
there  can  be  little  question  that  a  front  lies  near  these  stations, 
its  position  probably  spiraling  toward  the  cyclone  center  as  shown. 

A  study  of  the  sequence  from  previous  maps  shows  that  such  a  develo¬ 
pment  is  probable.  Itirning  to  the  reports  on  the  right  hand  front. 

These  are  briefly  falling  pressure  tendencies,  alto-stratus  cloud 
and  rain  system  lowering  into^stratus ,  and  general  wind  and  tempera¬ 
ture  fields  indicating,  a  homogeneous  air  mass  different  from  that 
to  the  v/cst.  Several  elements  bear  evidence  that  the  front  is  an 
occlusion  of  the  warm  front  type.  The  form  of  the  pressure  and 
wind  fields,  the  somewhat  lower  temperature  in  the  air  mass  on  the 
east  side,  the  absence  of  temperatures  and  sky  conditions  typical  of 
a  warm  sector,  and  the  alto-stratus  system  followed  abruptly  by  show¬ 
er  precipitation  are  evidence  of  v/arn  front  occlusion  structure. 

134,  Near  the  cyclone  center  the  reports  are  indicative  of  an 
upper  front  as  represented  by  the  dashed  line.  The  evidence  is  as 
follows.  The  history  of  the  occlusion  and  its  v/arm  front  character 
show  that  an  upper  front  is  possible.  The  pressure  and  wind  fields 
show  that  an  upper  front  would  advance  most  rapidly  just  east  of 
the  cyclone  center  and  further  south  w'ould  lie  close  to  the  occlusion. 
The  two  reports  northeast  of  the  center  are  indicative  although  not 
conclusive  that  an  upper  front  lies  between  them.  The  report  fartherest 
north  shows  by  its  falling  barometer,  east  vand,  and  alto-stratus 
rain  that  an  important  front  is  approaching.  The  nearby  report  with 
wind  east,  force  seven  indicates  by  its  steady-  then  falling  barometer 
that  a  small  front  may  have  passed  but  that  the  principal  front  is 
still  approacliing  from  the  south  or  southwest.  Winds  and  temperatures 
in  these  two  reports  seemi  to  belong  to  one  and  the  same  air  mass. 

This  confirms  upper  front  structure.  The  cessation  of  rain  at  the 
second  station  also  agrees.  The  next  report  to  the  south  (wind 
SSW  “  6;  2fo32  falling,  then  rising,  plus  04)  shows  that  the  front 
has  passed  and  fits  with  the  structure  previously  found.  To  the 
southwest  of  the  cyclone  center,  a  loop  occlusion  is  indicated. 

Such  an  occlusion  is  not  unlikely  in  this  portion.  The  southwest 
wind,  barometer  steady  then  falling  and  relatively  high  temperature 
are  evidence  of  an  appraoching  front.  The  nearby  Y/est  northwest 
w/ind,  force  6  with  barometer  falling  then  rising  w/ith  showers  and 
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colder  show  that  a  front  has  passed,  and  the  sharp  change  from  alto- 
stratus  to  showers  indicates  occlusion.  Other  reports  farther  south¬ 
west  have  no  signs  of  nearby  fronts,  thereby  confirming  loop  occlusion 
character. 

155.  The  inset  in  figure  40  shows  the  typical  barograph  trace 
through  the  upper  front,  the  occlusion  and  the  loop  occlusion.  At 
point  A,  the  barometer  is  falling  rapidly  as  the  cyclone  center  and 
fronts  approach.  As  the  upper  fronts  passes,  the  fall  ceases  for  a 
short  time  (6)  but  is  resumed  as  the  chief  occlusion  approaches. 

With  its  passage,  the  fall  again  stops  for  a  time  but  is  resumed  in 
this  case  even  though  the  chief  front  has  passed,  because  the  orien¬ 
tation  of  A-S  with  respect  to  position  and  movement  of  the  cyclone 
center  leads  toward  still  lower  pressure.  Note  however  that  the 
resumed  fall  is  at  a  slower  rate  thus  indicating  a  different  air 
mass.  As  the  loop  occlusion  passes  (D)  the  steady  rise  in  the  baro¬ 
meter  begins. 

136.  Two  reports  which  show  their  barometer  readings  at  the 
previous  six  hour  report,  verify  the  structure  as  drawn.  The  one 
(29.76  rising  steadily,  plus  ten)  reported  29.56  six  hours  before. 

This  is  a  ship  moving  eastward.  (For  brevity,  movement  in  case  of 
other  ship  reports  is  omitted  here).  Since  the  ship’s  movement  is 
toward  lower  pressure,  the  rise  would  have  been  greater  if  the  ship 
had  remained  stationary.  The  fact  that  its  barometer  was  twenty 
hundredths  lower  six  hours  before  and  has  risen  steadily  ten  hund¬ 
redths  in  the  last  three  hours  indicates  that  the  rise  has  been  con¬ 
tinuous  for  six  hours  or  more.  (An  appreciable  fall  after  the  read¬ 
ing)  of  29.56  would  require  an  improbable  rise  to  reach  present  read¬ 
ing.  The  report  of  past  weather  shows  partly  cloudy,  no  rain  last 
six  hours.  The  clouds  have  now  decreased  to  two  tenths  cumulus.  All 
of  these  elements,  pressure  change,  weather  and  present  sky  indicate 
that  no  front  has  passed  in  the  last  six  hours  and  aid  in  verifying 
the  front  structure  and  pressure  field  as  shown.  The  ocean  tempera¬ 
ture,  (66),  two  degrees  warmer  than  the  air,  points  to  "cold"  air 
mass  and  may  explain  the  remaining  cumuliform  clouds.  These  facts 
fit  the  analysis  given.  The  other  entry  giving  the  barometer  six 
hours  previous  shows  by  similar  reasoning  that  a  front  has  passed 
within  the  last  few  hours.  The  barometer  at  present  is  only  .02 
higher  than  six  hours  ago.  Since  it  has  risen  .08  in  the  last  three 
hours  it  had  fallen  at  least  .06  in  the  preceding  three  hours.  This 
together  with  present  clear  sky,  KW  force  4  and  past  rain  indicates 
that  a  front  passed  three  to  six  hours  before  and  helps  in  estimat¬ 
ing  the  position  and  movement  of  the  front. 

137.  Farther  south  a  report  shows  southwest,  force  four,  10 
stratus  from  southwest  with  drizzle,  and  air  temperature  one  degree 
warmer  than  ocean,  barometer  falling  then  steady,  all  pointing  to 
warm  sector  structure  with  warm  front  passed  within  last  three  hours. 
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To  th®  southoaat  a  report  shows  baromotar  30.02.  Th©  50.00  isobar 
must  lie  near  it  which  necessitates  a  slight  *»Veo*^  o  one  awe  toward 
low  pressure  (as  always)  In  the  isobars  in  that  area.  This  discon¬ 
tinuity  together  with  pressure  steady  then  falling  indicates  the 
presence  of  a  front.  The  abowe  mentioned  drizzle  report,  the  haze 
reported  at  the  station  farther  south  eoad  the  general  form  of  pres¬ 
sure  and  wind  fields  indicate  the  existence  of  the  tropical  air  in 
form  of  a  warm  sector  and  fix  its  position  approximately  as  shown. 
Pressure  tendencies  and  probable  shape  of  isobars  are  more  or  loss 
conelusiTe.  Sine®  there  is  a  warm  sector,  the  eastern  front  is  a 
warm  front  and  the  western  one,  first  studied,  is  a  cold  front,  a 
fact  not  certain  before  because  reports  are  spars©  and  surface  tem¬ 
peratures  are  inconclusire. 

138.  The  isobars  of  the  warm  sector  and  eold  front  incident¬ 
ally  illustrate  a  useful  point  in  forecasting  winds  following  a 
wind  shift.  The  front  lies  more  nearly  parallel  to  the  isobars 
which  precede  it  (i.e.  the  gradient  is  steeper  there)  showing  that 
the  southerly  current  has  a  greater  velocity  than  the  northwest 

or  northerly  current  following  the  front  and  that  the  wind  will 
decrease  after  frontal  passage. 

139.  So  far  as  reports  show  the  general  structure  is  now  de¬ 
termined.  As  drawn,  the  fronts  fit  the  pressure  and  wind  fields 

and  explain  all  of  the  observed  faeirs  of  clouds,  rain,  pressure  tend¬ 
encies  and  temperature.  It  may  be  noted  that  isobars  in  the  warm 
sector  are  drawn  rather  straight  and  evenly  spaced,  irtiile  isobars 
which  are  sharply  curved  occur  only  in  cold  air.  These  are  charac¬ 
teristics  agreeing  with  the  usual  structure  of  tropical  and  polar 
air  currents,  respectively.  Often  idiat  appears  to  he  sharp  curva¬ 
ture  in  a  tropical  current  is  due  to  ineorrect  location  of  front. 

The  front  position  can  often  he  fixed  by  the  position  in  which  it 
gives  smooth  and  relatively  straight  isobars  in  the  warm  sector. 

140.  Notwithstanding  the  fact  that  pressure  tendencies  may  be 
complicated  by  diurnal  ranges,  etc.,  they  are  often  conclusive  in 
locating  fronts.  They  also  indicate  the  sharpness  of  the  wind  shift. 
Frequently,  the  pressure  tendencies  have  an  arrangement  somewhat 

as  follows.  Just  east  of  the  front  stations  reporting  falling  stea¬ 
dily  eight  or  ten  hundredths;  just  west  of  the  front  falling  then 
rising  two  to  four  hundredths,  and  farther  west,  rising  then  ten 
to  twelve  hundredths.  Obviously  the  front  must  lie  close  to  the  sta¬ 
tions  reporting  falling  then  rising,  the  barograph  must  have  shown 
a  sharp  reversal  in  trend.  A  sharp  trou^  must  be  drawn  to  explain 
these  observations.  Barometric  tendency  reports  are  particularly  val¬ 
uable  in  tracing  fronts  as  they  cross  mountainous  areas  where  other 
surface  reports  may  be  less  representative.  It  is  important  to  iden¬ 
tify  the  rapid  advance  of  an  occlusion  as  in  the  present  case  because 
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it  Is  the  basis  for  an  accurate  forecast  of  early  arrival  and  pas¬ 
sage  of  sh07;erE.  For  example,  on  Dec.  13,  1931,  identification  of 
an  occlusion  similar  to  this  permits  forecast  for  Jacksonville  as 
regards  approximate  time  of  showers.  If  the  occlusion  is  incorrect¬ 
ly  called  a  front  and  the  bent  back  occlusion  taken  for  a  cold 
front,  an  incorrect  forecast  results. 


The  Uieps  listed  below  were  prepared  at  the  Bergen-Oslo 
institutes  as  indicated  on  the  maps  or  in  the  list.  Ihe  notes 
entered  on  the  maps  comment  on  principal  features  and  illustrate 
the  methods  described  in  foregoing  paragraphs. 

ATTACHED  ILLUSTRATIONS; 


Figures  1  to  40  (11  pages) 

Sample  analysis  with  entry  symbols  (International) 
Vaervarsllngen  pa  Vestlandet,  Bergen. 


UoS. 


I'ap 

ff 


Series 


ft 


16 

27 

19 

29 


tf  «  tf  2_0 

Also  the  following 
completed  in  BviAero 


to  27  June  1930  (23  maps) 
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